u  urn .  Ti{-80-r»2(m^) 


AIR  FORCE  g 


U 


HI  MAN  41KSOI  HCKS.  yX.ISTICS  ANIIJUIST 
FACTORS  IN  jj’K AI»()NJSVSTKM J[)K VKLOKMKNT 
dkmonsthation  in  iiikj  m.i  ^  ai.i: 

JDK  VK  I.OI’VIK  NT  I'll  ASK  01  JIHC  HAI  I 
STSTKM  A.cyi  isitioN  ,  aitkndixks  II  TO  II  . 


Ccranl  K.  kin^ 

M\naniii's  Hrsciirrli  (  <ir|mrnli<in 
<>0  ( .miiiiril  Strict 
Wilmington.  MiissiirlmscUs  0 181(7 


fa  v  •/  ~~  I  '  t.  ■>  VI  illiatu  H.^Askrcn  j 


I.OMSTICS  \ND  TKCIINICAK  I  HAININI.  DIVISION 
W  rifjlil-l’atlerMMi  Air  Fiircc  llasr.  Ohio  I.")  I.'l.'l 


-j  Kinul  ^*  |wri . 

Ft:  .r-7:-' -/.j 


$ 


DTIC 

^LECTEI 
MAR  2  4  1981 


\|i|>rt»\nl  lor  jiol'lo  ri'lrjM1.  «li«l mImiImhi 


tk  i a 

<  \  1 


LABORATORY 


AIR  FORCE  SYSTEMS  COMMAND 

BROOKS  AIR  FORCE  BASE, TEXAS  78235^ 


: - 


T 


( 


notici: 


W ht‘ii  l  .S.  Covernmcnl  drawings.  specifications.  or  other  data  are  used  lor  an\  purpose  other 
than  a  definitely  related  Covernment  proeiirenienl  operation,  the  Covernment  therein  incurs 
no  responsibility  nor  any  obligation  whatsoever.  and  the  fact  that  the  Covernmcnl  may  have 
formulated,  furnished,  or  in  any  wav  supplied  the  said  drawings,  specifications,  or  other  data 
is  not  to  he  regarded  hv  implication  or  otherwise,  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use.  or  sell 
am  patented  invention  that  may  in  am  way  he  related  thereto. 

This  final  report  was  submitted  by  Dynamics  Research  Corporation.  bO  Concord  Street. 
Wilmington.  Massachusetts  01 887.  under  Contract  F\‘LHbL'j-77-C-OOIb.  Project  107)0.  with  the 
Logistics  and  Technical  Training  Division.  Air  Force  Human  Resources  l.ahoratorv  (AFSC). 
VI  right-l’atterson  \ir  Force  Rase.  Ohio  f7> I'LL  Dr.  William  R.  Askren  wa»  the  Vtork  I  nil 
Scientist  for  the  Laboratory. 

This  report  has  been  reviewed  by  the  Office  of  Public  \ffairs  (PA)  and  is  releasable  to  the 
National  Technical  Information  Service  (NTIS).  At  NTIS.  it  will  he  available  to  the  general 
public,  including  foreign  nations. 

This  technical  report  has  been  rev  iewed  and  is  approved  for  publication. 

ROSS  L.  MORCAN.  Technical  Director 
Logistics  and  Technical  Training  Division 


RONALD  W.  TF.RRY.  Colonel.  I  SAF 
<  .ommandcr 


SECURITY  CLASSIFICATION  OF  This  PAGE  fl*Ti»n  Dele  Entered) 


REPORT  DOCUMENTATION  PAGE 


4.  TITLE  (end  Subtitle) 

III  MW  KKSOl  RCKS.  I.OtdSTICS  Wl*  COST  FACTORS 
IN  VI  K  Al’ON  SASTK.M  I »K\  KI.OI’MKNT:  DHMONSTK  \TION  IN 
THK  FI  l.l.  SCAI.F  I »K\  I.I.OI’MF.NT  I'll  \SK  (II  MUCH  AFT 
SVSTKM  ACt.H  ISITION  -  MM'KNIlINr.S  I!  Id  H 


AU  THOftfiJ 

Oerard  F.  king 
%  illiam  15  Askren 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3  RECIPIENT'S  CATALOG  NUMBER 


S  TYPE  OF  REPORT  4  PERIOD  COVERED 


6  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBERfaJ 


:-Ho  i  (> 


9  PERFORMING  ORGANIZATION  NAME  AND  ADORESS 

Dvnainics  Research  Corporation  ^ 

(dl  Concord  Sired 
^  ilmingloii.  Massachusetts  <H88i 


II  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

HO  \ir  Force  Human  Resources  l.ahoratorv  (VI  SC) 
lirooks  Air  Force  Rase.  Texas  i82.5,> 


10  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  4  WORK  UNIT  NUMBERS 

(..tir.iF 

l«).V«MMI2 


12.  REPORT  DATE 

February  I  *18 1 


13  NUMBER  OF  PAGES 


4  MONITORING  AGENCY  NAME  4  AOORESSf/l  different  from  Controllfng  Office)  I  IS.  SECURITY  CLASS,  (of  thl a  report) 


l.ogistics  and  Technical  Training  Division 
Air  Force  Human  Resources  l.ahoratorv 
VI  righl-l’allorson  Air  Force  Base.  Ohio  Fil.5.5 


I  ndassilicd 


15a.  declassification  downgrading 
SCHEDULE 


16  DISTRIBUTION  STATEMENT  (of  thl e  Report) 


Approved  lor  public  release:  distribution  unlimited. 


17  DISTRIBUTION  STATEMENT  (of  the  ebslrect  entered  In  Block  20,  if  different  from  Report) 


18  SUPPLEMENTARY  NOTES 


I  19  KEY  WORDS  (Continue  on  reverte  tide  if  necesaery  end  Identity  by  block  number) 


consolidated  dale  base 
coordinated  human  resource  lerhnologv 
design  option  decision  trees 
\human  resource  in  design  trade-ofls 
Instructional  >\«lem  development 


job  guide  development 
life  evele  costing 
logistic  support  elements 
maintenance  manpower  modeling 
svsletn  ownership  costing 


I  20  ASwRACT  (Continue  on  revere*  tide  If  neceaaery  end  identify  by  block  number) 


task  analvsis 
technical  manuals 
training 

weapon  sv stein  acquisition 


Hie  coordinated  human  resource  tecbnologv  and  tile  consolidated  data  base  were  demonstrated  in  tile  lull-scale 
development  phase  of  weapon  svslcm  acquisition  The  results  of  this  demonstration  are  reported  in  Volume  I  This 
volume  consists  ol  Appendixes  15  through  R  to  that  demonstration  report  and  provides  additional  details  of  the 
demonstration. 


dd 


I  m  lassified 


4 


SECURITY  CLASSIFICATION  OF  This  PAGE  (When  Del*  Entered) 


TABLE  OF  CONTENTS 


Page 

INTRODUCTION  3 

APPENDIX  B  DESIGN  OPTION  DECISION  TREES  5 

APPENDIX  C  TASK-ORIENTED  APPROACH  GUIDELINES  17 

APPENDIX  D  SAMPLE  RMCM  REPORTS  19 

APPENDIX  E  PRELIMINARY  TASK  IDENTIFICATION  MATRIX  33 

APPENDIX  F  USER  DESCRIPTION  45 

APPENDIX  G  TECHNICAL  MANUAL/TRAINING  TRADE-OFF 

GROUND  RULES  47 

APPENDIX  H  TASK  ANALYSIS  WORK  SHEETS  49 

APPENDIX  I  TEST  EQUIPMENT  AND  TOOL  USE  FORMS  55 

APPENDIX  J  ANNOTATED  TASK  IDENTIFICATION  MATRICES  59 

APPENDIX  K  LEVEL-OF- DETAIL  GUIDE  63 

APPENDIX  L  LCOM  APPLICATION  TO  AMST  LANDING 

GEAR  WITH  FLIGHT  LINE  SUPPORT 

EQUIPMENT  (SE)  65 

APPENDIX  M  SAMPLE  TRAINING  PLAN  99 

APPENDIX  N  TRAINING  PLAN  PERFORMANCE  OBJECTIVES  111 

APPENDIX  0  TRAINING  PLAN  LEARNING  ANALYSES  117 

APPENDIX  P  DESCRIPTION  OF  MODULARIZED  INSTRUCTION  127 

APPENDIX  Q  PRELIMINARY  MEDIA  AND  ASSESSMENT 

CHOICES  131 

APPENDIX  R  SAMPLE  JOB  GUIDE  MANUAL  137 


1 


*'■»,  . . . . . 


"1 


. . . . . . 


INTRODUCTION 

4 


The  information  presented  in  Appendices  B  to  R  was  developed 
during  the  demonstration  of  the  coordinated  human  resource 
technology  (CHRT)  and  the  consolidated  data  base  (CDB)  in 
the  full-scale  development  phase  of  aircraft  acquisition. 
These  data  supplement  those  included  in  the  basic  report  and 
provide  significant  additional  detail. 


I 


i 


% 


Accession  For 

NT IS  GnAid 
DTT.C  TiH 
Unannounced  □ 

J  u  c  t  i  i  i  o  a  Me  n - 


Dirtribution/ 


Availability  Codes 

Avail  and/or 

Diet 

A 

Special 

3 


■> 


APPENDIX  B 

DESIGN  OPTION  DECISION  TREES 


This  section  lists  the  full  set  of  Design  Option  Decision 
Trees,  which  were  completed  during  the  MED  Phase 
demonstration.  Samples  are  provided. 


DESIGN  OPTION  DECISION  TREE 
DRAWING  LIST 


DWG  # 

TITLE 

SHEET 

OF 

* _ 

AM  ST 

Logistic  Option  Tree 

1 

1 

*1000 

AMST 

System 

l 

1 

*1100 

AMST 

Avionics 

1 

3 

1100 

AMST 

Avionics  ( ECM ) 

2 

8 

1100 

AMST 

Avionics  (Radar) 

3 

0 

1100 

AMST 

Avionics  (Navigation) 

4 

8 

1100 

AMST 

Avionics  (Communications) 

5 

8 

1100 

AMST 

Avionics  (Integration) 

6 

8 

*1100 

AMST 

Avionics  (Info.  Process.) 

7 

8 

1100 

AMST 

Avionics  (Inst.  &  Display) 

8 

8 

*1200 

AMST 

Landing  Gear 

1 

3 

*1200 

AMST 

Landing  Gear  (Main  Gear) 

2 

3 

1200 

AMST 

Landing  Gear  (Nose  Gear) 

3 

3 

*  Indicates  those  design  option  decision 
this  report. 

trees 

included 
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GUIDELINES 
APPENDIX  C 

TASK-ORIENTED  APPROACH  GUIDELINES 


Maintenance  action  networks  are  prepared  to  reflect  * 
conventional  approach  to  personnel,  training,  and  technic*! 
manuals.  The  conventional  approach  assumes  5-skil  l-levrsl 
manning  on  the  flightline  with  3-skill-level  helpers.  T'-ese 
personnel  are  supported  with  conventional  training 
conventional  technical  manuals.  A  major  system  le^-i 
alternative  considered  during  this  demonstration  was  a  task- 
oriented  approach.  This  assumes  primarily  3-level  skills  on 
the  flightline  supported  with  task-oriented  training  and 
task-oriented  technical  manuals.  In  order  to  evaluate  thi 
option,  the  maintenance  action  networks  had  to  be  updated  to 
reflect  direct  impact  of  such  an  approach.  This  section 
describes  the  conservative  actions  taken  and  rationale  used 
to  accomplish  this  update. 

The  action  is  described  and  the  rationale  for  each  action 
then  follows  in  parentheses.  The  rationale  has  been 

substantiated  by  a  thorough  review  of  the  literature  which 
addresses  the  implications  of  the  task-oriented  approach. 
The  percentages  used  are  representative  of  conclusions  found 
in  the  literature. 


1.  Reduce  the  times  for  flightline  cannot-duplicate , 
troubleshoot,  and  maintain  an  aircraft  by  10 
percent  each.  ( Procedural ized  aids  reduce 
maintenance  times.) 

2.  Reduce  flightline  probability  of  cannot-duplicate 

by  50  percent  and  reduce  the  number  'annot- 

duplicate  actions  accordingly.  (Pr  ilized 

aids  will  increase  possibility  of  time 

diagnos is . ) 

3.  Increase  MFHBMA ,  as  appropriate,  based  on  action 
(2)  above, 

4.  Reduce  shop  probability  of  cannot  duplicate  by  50 
percent  and  reduce  the  number  of  flightline  remove 
and  replace  actions  accordingly.  ( Proceduralized 
aids  reduce  false  removals.) 

5.  Increase  the  number  of  flightline  cannot-duplicate 
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actions  by  the  same  number  of  action  (4)  to 
reflect  early  cannot-dupl icate  determination. 
( Procedural ized  aids  reduce  false  removals.) 

6.  Retain  personnel  quantity  and  AFSC  skills,  but 
modify  skill  levels  as  follows: 

a.  Assure  that  one  413X1  is  always  a  5-level  to 
provide  supervision. 

b.  Assure  that  all  shop  personnel  called  to 
flightline  are  5-level  (no  reduction  in  shop 
skills  is  assumed  for  this  study). 

c.  Set  all  flightline  specialists  performing 
cannot-duplicate,  troubleshooting,  and  remove 
and  replace  tasks  at  the  3-level 
(proceduralized  aids  allow  jobs  to  be 
performed  by  lesser  skills). 

d.  For  maintain-on-aircraf t  acitons  and  each 
AFSC  involved,  require  one  specialist  at  5- 
level  and  all  others  of  the  same  AFSC  at  the 
3-level.  (Maintain-on-aircraf t  is  assumed  to 
be  a  more  difficult  and  complex  action. 
Therefore,  skills  cannot  be  reduced.) 


18 


APPENDIX  D 


% 


S  I 


o  o  oooooooo 


to 


M 

M 

M  M 

M 

M 

w  | 

O 

• 

m 

-o 

o 

-4  I 

K. 

A 

K* 

A 

o 

o 

1 

A 

A 

•* 

o 

o 

*•  I 

• 

• 

r 

•  ♦ 

•  •  •  • 

• 

• 

• 

• 

• 

O 

O 

**  O 

0 

0 

0 

0 

0 

0 

O 

o 

o 

« 

** 

o 

v- 

• 

A 

9 

»r 

o 

«r 

o 

*- 

• 

• 

•  • 

•  •  •  • 

• 

• 

• 

»v 

O 

o 

o  o 

O  A  O  O  O  «  A 

o 

K 

Ml 

tr 

A 

A 

A 

IV 

X 

*-  1 

4^ 

tv 

A 

A 

tn  i 

% 

% 

k 

k 

O  1 

o 

A 

a  i 

Cl  t 

«r 

IC 

■o 

X  i 

A 

A 

w  | 

% 

k 

k 

i 

A 

IV 

«*• 

tA  | 

A 

*n 

*-  | 

A 

•A  | 

A 

O  1 

X 

w  9 

« 

9 

1 

*o 

X  1 

1 

*  i 

a  i 

A 

3  1 

Cl  1 

M 

M 

A  M 

•4 

M 

M 

•* 

A 

W  1 

o 

A 

O 

O 

A 

-1  1 

K 

A 

**> 

A 

o 

o 

a  i 

i  i 

► 

1 

M  | 

A 

• 

• 

• 

*n 

♦  • 

A 

•  •  •  • 

• 

• 

o 

t 

• 

o 

• 

*  i 

c* 

O 

o 

<V  O 

0 

0 

0 

0 

0 

o 

O 

o 

o  i 

O 

-I 

I 

tv 

*- 

o 

*  9 

w 

A 

» 

9 

X 

< 

o  1 

►* 

I 

«W  1 

* 

A 

t 

*r 

o 

*■» 

IT 

•A 

o 

A  ( 

1 

• 

» 

• 

•  • 

•  1  #  • 

• 

• 

• 

• 

• 

*  t 

x 

A 

1 

r*i 

o 

o 

o  o 

0 

8 

0 

0 

0 

6 

A 

o 

«  1 

4. 

o 

t 

tf> 

A 

A 

A 

A 

tv 

1  9 

M 

c  1 

w- 

W 

tv 

p* 

A 

A 

M  1 

3 

**  1 

k 

* 

k 

k 

k 

W  1 

A 

O  1 

O 

«r* 

A* 

tty 

A 

f 

Cl  1 

A 

** 

O 

IV 

1  I 

A 

A 

a 

A 

1  1 

O 

% 

% 

k 

k 

• 

» 

tv 

A 

tv  1 

»r» 

A 

t 

A 

•  1 

ci 

O  1 

Cl 

•  • 

•  •  •  • 

• 

t 

X  1 

M 

•  t 

•  •  •  • 

• 

• 

1 

•  • 

• 

• 

1 

X 

•  | 

•  •  «  • 

• 

• 

■  1 

o 

•  • 

O  •  •  • 

X 

O  1 

M 

t  • 

z  •  •  • 

O 

•A 

X 

4.  1 

•  • 

M 

mi 

Cl 

Cl  l 

A 

Cl 

•  c- 

X  •  «  • 

A 

X 

•  1 

*» 

o 

•  X 

"III 

“ 

i 

Cl 

X 

•  Cl 

no 

O 

a 

•  X 

A 

►- 

z 

•  Cl 

C  »  (  | 

9 

X 

X 

*A 

ci 

•  u 

A 

A 

X 

o 

•  A 

ci  •  •  • 

d 

Cl 

■ 

a 

X 

*-  X 

Z 

Cl  •  •  • 

A 

d 

cl 

X 

x  A 

Cl 

X  •  c  A 

X 

► 

o 

Cl 

ci  X 

X 

A  *0-1 

Cl 

A 

A 

9 

1 

X 

r 

► 

X  •  A  ci  A 

X 

o 

A 

«n 

A  d 

Cl 

►  ci  O  c 

X 

»- 

X 

m! 

w 

Cl 

9  ci 

>  X  « 

X 

Cl 

"* 

Cl  *» 

X 

A  k  k 

c 

> 

d 

X 

4r 

vo 

X 

o  o 

•• 

A  A  Cl  Ci 

O 

A 

X 

A 

H 

9 

A 

mm 

A  A 

I  H*  tlHK 

wn 

X 

M 

c. 

A 

► 

A 

o 

A  A 

*- 

■ 

Cl 

X 

X 

A 

•»»l 

1 

1 

1 

* 

ci 

► 

e 

Cl 

I  1 

o 

o 

A 

A 

V* 

A 

A 

«/» 

A  X 

A 

w  A  A  Cl 

X 

o 

X 

A 

X 

ml 

3 

► 

A  A 

9 

A  c*  a  v» 

V8 

«■ 

C 

■c 

A 

w 

A 

1/1 

w  w 

n» 

ci  W  d  Cl 

d 

Cl 

d 

d 

A 

■ 

in 

Cl 

cn 

A 

o 

A 

i 

i 

-1 

9 

A 

A 

1 

A 

3 

X 

a 

*- 

Ml 

•• 

o 

A 

»/l 

o 

O 

A 

A 

o 

X 

Cl 

w 

Cl 

k- 

I  I 

C  w 


20 


«£PO»T  NO.  J  --  EIPANBE*  »fCU»«INt  COSTS  (BC> 


OO  OOOOOOOOO I o 


»  I 

VI  I  % 

O  I  <* 


MHMMMHNHH  I  M 

*  •*>  ©  O  Otn  I  O 

»-  «  O  <J  f*  +  I  O 


»  «4  MO  I 

•  •  ••••iii 

OO  o  o 

ft  O  *» 

%  %  «  %  % 
r  O  »  fv  vi 
»  O  -  -  O 
v-  »  »  ID  » 


»  '"OO  V»  OlAIO 

^  <©  O  «  •*  N4  I  O 

W  ft  »  rv  O  I  O 

•  •  «  ••••••  •  •  t  l  • 

O  OO  »K>«n*i«nOOOOtO 

vn  I  o 

I  — 

»«*>no  «o  *  »  o 

•  •  •  #«••••••»•  • 

O  OO 

^  O  VT  >A  I  r\j 

•  «►  «>  *  vo 

%  «  «  %  «  %%•% 

»•*  i  * 

<*  O  —  O-  «»oirg 

•-  «  o  «s  o-  •-  I  •# 

t  «  «  I  •  I  « 

B  «  N  4  »  I  Kl 

fS(  I  «C 


Z  K  —  •  •  •-  ua  • 

■  b-  a  a  o  «  «r 

O  •*  u*  *  •  f  *-  « 

31  -  vi  »  « 
I  O  *  *  w  *-  O  > 
W  UI  ■•  fe  O  &  •- 

o  i  »  «  <  a  a  » 

O  *  z  m  ft.  U.  =>  O 

lU^QMto^fiVIVl 


I 

I 


! 


I 


i<r 


I 

I 

I 


A 

#c 

O 

1 

O 

► 

1 

A 

A 

O 

1 

O 

X* 

1 

A 

A 

O 

1 

O 

m 

1 

M  • 

« 

0 

0 

0 

■ 

0 

0 

0 

IX  0 

1 

1  -A 

•  A 

•  □ 

•  O 

•  D 

•  0 

•  0 

•  O 

0  O 

0  O 

O 

• 

•  O 

M 

1 

N  A 

IS. 

O  O 

O 

O 

0 

0 

O 

O 

O 

0 

1 

O  O 

» 

»• 

O 

•»  ^ 

-J 

• 

O 

» 

I 

b 

O 

« 

1 

% 

4 

4 

► 

1 

A 

A 

0 

O 

0 

1 

O 

ix 

I 

•* 

A 

fr> 

1 

A 

•» 

1 

•s 

A 

4 

4 

4 

A 

0* 

0* 

► 

« 

A 

S 

1 

s 

o 

• 

O 

O 

1 

0 

• 

• 

• 

• 

0 

0 

0 

0 

0 

■1 

1 

»  14  t 

1 

A  • 

• 

• 

0 

0 

0 

0 

0 

0 

0 

• 

•  O 

•  O 

1 

•  O 

• 

0 

0 

• 

0 

0 

0 

0 

0 

1 

A 

» 

I 

1 

A 

• 

• 

0 

0 

0 

A 

O 

1 

K 

• 

• 

0 

t 

0 

t 

0 

0 

0 

A 

A 

t 

• 

0 

0 

0 

0 

0 

« 

0 

* 

• 

% 

4 

4 

0 

0 

0 

0 

0 

0 

0 

*» 

1 

»X 

IX 

0 

• 

0 

0 

4 

Cl 

1 

0 

• 

0 

0 

0 

K 

0- 

0 

■ 

1 

• 

• 

• 

0 

A 

A 

0 

» 

• 

• 

• 

0 

0 

Cl 

Cl 

0 

-J 

• 

0 

• 

0 

0 

M 

4* 

0 

A 

3 

w 

O 

0 

I- 

O 

K. 

*4 

A 

A) 

«C 

A 

O 

at 

« 

0 

O 

► 

W 

A 

W 

d 

w 

Cl 

101 

Ml 

►- 

ci 

A 

O 

•O 

3 

3 

0 

at 

►  if  • 

O  • 

• 

A 

« 

0 

•  O 

•  O 

•  O 

1 

• 

■ 

• 

M 

1 r> 

O 

A 

A 

A 

0 

a 

O 

1 

•O 

M 

A 

A 

1 

*X 

►- 

0» 

K 

• 

t 

« 

4 

V* 

M 

A 

0 

1 

a 

*X 

O 

Ml 

Ml 

0 

u 

1 

•- 

w 

•- 

0- 

0 

ft.  I 

V*  t 


i  a  •  o 

*  IT*  O 

m 

a 

% 

» 

o> 

* 


•  <0 
o ■  a 


I  • 
I  I 


»  10  1  1  1  n  • 

•  A  •  O  I  I  • 

A  00  I  I  A 

-f  O  I  tA 

A  O  »  A 

*  «  I  % 

A  &  ♦  « 


•  *■  •  I 
*  **n  1 
o  » 
**  1 

*■  • 


* 

o 


I 

I 

*-  o»» 


»  0  fc  0  | 

*  IT  0  O  I 
'  *-  *  • 


22 


REPORT  MO.  5  —  COSTS  8T  V  RU  CONTRIBUTIONS 


~  I 

«  * 
<  I 

«**  l 


S  I 

fit  I 
Z>  I 
O  I 
♦M  I 

a  f 


tA 

« 

o 

* 

tA 

» 

O  1  tA 

A 

A  * 

Vs 

tA 

m 

lA 

O 

A 

Vs  f  »A 

tv  1 

•0 

» 

•• 

« 

O 

V 

o 

lA  *  < 

tA 

a  | 

1  •• 

t 

4 

t  A 

t  VS 

t 

9  t  *A 

t 

Vs 

1 

1  t  IA 

t  A 

to  1  o 

to  to 

t  o 

•*A  |  |  «» 

t  O 

to  to 

H  I 

1  » 

44R 

A  Vs 

—  0* 

A 

A  1  1  *  N 

o 

o  * 

A 

VS 

tA 

** 

A  O 

tA 

A  |  A 

tA 

_J  1 

1 

o 

«A 

VS 

O 

O  At 

O 

tA  1  K 

A 

a  i 

| 

% 

% 

% 

« 

%  * 

% 

% 

*«•  i 

1 

« 

•4 

A  >4 

•A  t  A 

A 

O  i 

1 

tA 

A 

» 

A 

At  »  •- 

*■ 

t-  i 

1 

At 

» 

^  »  VS 

« 

t  « 

At 

1  " 

O 

o 

o 

a  t  « o  • 

•  o  •  o  •  o  #  o 
o  o  o  o 


o  o  o 
o  o  o 

'  14  •  • 

*  O  to  t  O 
<*  »  I 

>  O  O  ( 


o 

o 


to  to  t  o  I 


tA  tA  VS 


f  K  •> 


a  *  «  an 

A  A  K  O 

N  O  «•  O 

t-  •  «  •  A  •  <o  •  t 

t  O  •  o  to  to  to 

0-^00 


1  ° 
i  4  t 

I  •  o 

I  vs 


O  -k 

o  c 


<* 

o 


♦  tA  to  O 

•r  o  tn  O 

o  o  o  o 

N  It)  »®  tA  I  t 

tO  to  •  o  to  to 

o  o  o  a  o 

»  o  •* 


X 

o 


Af  V>  «  »A  V  vs  vs  t 

•A  IA  V*  O  At  O  VS 

•c  •“  O  o  O  O  A* 

>  to  t  to  to  tto  to  to  •  I 
•  •"  •  to  to  to  •  O  t  o  »o# 


■4  <► 


•«  o 

At  o 

<4  O 


•A  •-  •“  •-  «  t 

A.  O  VS  O  vs 

o  o  o  o  o 

t  ^  •  N  t  ^  t  •  | 

1  O  f  o  to  •  O  1W  l 

At  ~  At  O  I 


I  A  l  A  t  r-  •  I 

*  to  t  O  I  o 

«A  ~  O  ' 

to  to  ^ 

^  «#  V* 


»  tA 


^  O  At 

>  t  r-  •  A.  . 

•  O  t  o  to 

*  o  <► 


0*0  . . . (143)  DftVRQ  ISJi/NOMVlS  IS31 


•  I  I 

O  I  VI  ( 


•  •  *  t 

•  •  I  • 

I  « 
»  «  i  K 

o  m  I  » 

*  i  * 

m  i  rw 

( 


ft*  **  I  m 

t  •  i  • 
NO  I  \ 
«N  I  W 

o*  I  N 

•  *  I  * 
*ft  ft-  I  *V 
I  N 


«««  |  f> 

»«  I  B 
•  •  *  • 
O  «#  |  w 
«  ^  I  - 

«  ~  I  • 


«  »*  — 
-0^10 


~i  m  mi 
<  Oi  «  | 
►  •031 
O  <  Z  I  I 


•  •  ♦  • 
04  14 
NM  » 


4  I  4 
O  |  O 
•  •  I  • 

O  O  I  o 


•4  k*  » 
•401^ 
ON  I  N 


O  O  I  w 
•  •  I  • 
©  O  I  o 
I 


X  E  I 

—  «  I 

U  X  I 

j  «  z  ^  ! 

«  ©  O  «  I 

►  •  —  31 

©  «  -I  t  | 


•  »  « 

•  |  K 

*  I  ©■ 

•  •  I  • 

0  0(0 

•  I  » 

*  »  fr 

•n  i  ki 

I 


*••**«* 
«#•»#*> 
©  ■*  i  o 


M  O  I  « 

O  O  I  o 


—  I  — 

•  _  XI*. 

►  *  I  r* 

°  O  k,  t  I  <► 

©  •  ►  J  •  * 

Q<<  J  I  K 


4  3  ■  ft 

►  ©  O 

*»  X  —  • 

• 

►  U  f  J 

M  *  w 


3  4  w  w 

ft.  3  •  w 

►  *  E  ft 

3  I3w 
O  «  Z  t 


•  •  I  • 

O  O  I  o 


»v  IV  *- 

mm  o 


IV  IV  *- 

XX  o 


Ifl  I  ft 
VI 

o 


3  ■ 

«  o 
o  ft  z  ~ 


—  o 

ft  it  e 

ft  I  2  u 


I  Mfi  w 

«  w 

IV  «M  « 


&  3  w 

5  lit 

O  *  ft  m 


ft 

1 

**  ft  ft  *•  o  m  «* 

1 

ft 

ft 

O 

ft 

k* 

1 

1 

9 

9 

• 

o 

1 

v*  —  o  •-  k  *  vi  o 

1 

ft 

ft 

ft 

• 

w 

1 

ft  -  •-  O  ft  ft  — 

1 

ft 

ft 

o 

1 

1 

o 

ft* 

o 

ftt 

•1 

1 

( 

% 

% 

ft 

% 

ft 

1 

O  vs  vi  ft  ft  vs 

1 

V. 

** 

VI 

■* 

ft 

f 

*-  ft  ft  ft  vs 

t 

VI 

9s* 

fw 

o 

« 

*9  VI 

i 

ft 

ft 

ft 

ft 

1 

» 

1 

« 

* 

% 

«■» 

1 

ft 

ft 

| 

ft 

- 

o 

• 

1 

VI  ft  ft  ft  « 

( 

ft 

9 

•  1 

M 

1 

►  VI 

1 

• 

< 

ft 

o  • 

IV 

1  ©  © 

1 

ftViviboftOO 

1 

D 

o 

• 

m 

1  ft  3 

ft  vs  ft  ft  ft. 

t 

ft 

o 

• 

« 

1 

tv  m 

* 

O  ft  ft  -C  O 

1 

ft* 

ft 

• 

4 

1 

m  vi 

1 

«  %  %  i  % 

1 

% 

VS 

• 

M 

1 

w 

1 

VI  o  ft.  v-  *- 

1 

ft 

* 

f 

ft.  VI 

f 

VS 

• 

3 

* 

1 

• 

ft 

1 

1 

• 

v» 

1 

• 

t 

iv 

1 

1 

9  • 

O 

1 

•  • 

1 

ft 

1 

O  O  ►*■  N.  9w 

1 

O 

•  • 

ft 

1 

ft  VI 

» 

1 

• 

•  • 

VI 

1 

O  vt 

1 

0 

0 

» 

0 

9 

9 

0 

0 

t 

O 

•  • 

o 

1 

X  3  t 

O  O  ft  ft  fw 

1 

ft 

IV 

1 

M  ft 

1 

O  O  ft  Vi  O 

» 

♦V 

w  • 

VI 

%  *  %  1 

1 

« 

C  9 

w 

1 

ft  ft4  *v  vs 

I 

ft 

ft  * 

♦ 

w 

3  9 

1 

w  9 

1 

ft  • 

1 

VI  • 

1 

O  • 

IV  • 

ft 

nv  O  ft  ft  O  v>  vs 

«. 

• 

V* 

ft  VI 

9 

-4  9 

IV 

O  O 

vftftftN  vtfSO 

ft 

a 

ft  1 

« 

ft  3 

O  VI  ft  **  ft  rv  vs 

o 

V 

•—  • 

« 

IV  ft 

N  ft  *4  ft  ft.  VS 

ft 

►- 

ft  • 

4. 

•  -4 

Sill  s 

s 

m 

IV  9 

vi 

V  ft  ft  ft  ft 

1 

vs 

4 

ft  9 

•T'  ft  ft 

1 

O 

VI 

ft  • 

3 

•-  ft 

K 

w 

K  9 

ft 

« 

S 

9 

_i 

ft 

ft 

VI 

W  9 

ft 

>  • 

ft 

V 

« 

ft  9 

o 

IV 

ft 

IV  • 

a* 

o  o  o  o  o  o  o 

o 

V 

4 

VI  9 

►» 

ft  VI 

( 

ft 

•• 

W  9 

VI 

O  VI 

oooooooo 

o 

ft 

VI 

■  -4 

o 

Z  3 

O  O  O  ft  O  ft  ft 

ft 

ft- 

« 

ft 

•a 

w 

VI  ft 

O  o  O  ft  VI  #v  »SJ 

ft 

-<  V  ft 

ft  ft 

4 

-J 

11*111 

s 

-4  0  4 

ft  O 

VI 

w 

ft  ft  ft  VI  VI  9w 

ft* 

ft 

IV 

VI 

3  ft 

w 

N  v  A# 

ft 

-4 

K 

-J 

ft 

LV 

ft 

X 

ft 

o 

9» 

o 

ft- 

o 

ft 

• 

OOSVIMHO 

O 

3 

1 

O  O  ft  ft  VS  o 

o 

3  ft 

♦ 

•  ••••••• 

t 

► 

1 

ft  VI 

* 

OOft^ftviOO 

o 

vi 

1 

VI  w 

t 

O  O  ft  &■  ft  V.  ft 

o 

o 

1 

3 

1 

OOO'Vrvi'V 

ft 

u 

| 

w 

1 

V*  ft*  ft  ft  ft 

| 

ft. 

ft 

1 

* 

*K 

1 

OpOOOOOC. 

o 

3 

1 

3  u 

• 

O  O  O  ft  O  ft  ft 

ft 

«  3 

1 

O  O  O  ft  V  V  OJ 

ft 

-J  *v 

1 

ft  ft  ft  VI  VS  ■* 

o 

rv  *- 

ft 

r>  -  O  'S  ft 

ft 

1 

V  ft  ft  O'  VS 

o 

VI 

1 

ft  ft  ft  ft  9“ 

ft 

V* 

3  -4 

* 

^  ft  ft  ft 

ft 

IV 

ft  ft 

» 

O  ft  ft  <Ni  N 

ft 

ft 

VI  o 

« 

9 

ft 

w 

• 

Vinft9-oOOO 

ft 

ft 

VS  ft 

ft* 

VI 

1- 

O 

a* 

t 

ft 

3  -4 

1 

Vi  O  a-  VI  ft  o  ft 

ft 

iv 

ft  -4 

1 

90  «#  Cg  ft  VS  vs  VS 

ft 

O 

-J  ft 

1 

KOv^  v 

91. 

a 

1 

~  ft  O  fv  »  f\» 

ft 

« 

999991  9  « 

1 

Oftftv-OOOO 

ft 

ft  ft* 

ft 

1 

v» 

i 

3  vi 

1 

iv 

1 

«  ft 

1 

ft9-v-fVOrvOO 

» 

*\f 

ft 

l 

VI  V 

1 

( 

v- 

ft  9*1  ft  Vi  i ft  V»  9»s  _f 

D  <  < 

ft  I  *d**t**t<**tfrs4*sj+>j  +- 


wvms* 


r 


1 


4 


I 


L 

» 


iw  I 

»  • 

ft*  l  | 

UIA  W  |  | 

*  o  M  I  o  |  o 


I  I 


MOM 

w  u  w 

>  W 

s 


3 

O 


►  I  u 


5 

O 


15; 


mn  I . 

*  ft  , 

o<  «  i  t 

>31  I 

►  I  O  |  O 

m  «*  w  I  t 

o  o  w  I  | 


USX 
tk  lliO« 

O  *  m  ~ 


J  WVI- 

«  «<  I 
-  «  a  m 
^  ft  ft* 


-•MM 
SOW 
3  0  3 


O  «*  %» 


3 

M  O 

«  x 

3 

o  VI 

z  <o  z 


VC  •“ 

*  »  « 
—  ft 


ft.  s  o  *-  < 


m 

w  «.  w 

ft.  O  o 

a 

J  B  « 


MS  ft* 
ft*  «  VM  O 
*-  K  C  M 


M  Z  M 
»*<*•« 
•»  a  —  o 

O  J  V 

u  w  w 
S  M 
UMU  I  - 
M  ft  O  M 

••  s  s  o 

M  WIN  i  w 

*-  M  ft  © 

M  <  IN  U  IN 

o  a  a  m 

O  so 
ft  -  S  ft 

o  O  <  IN 

ft*  X  ft  x 

ft*  W  ft  o 
o  *  Z  — 
o  ft  o  -< 
ft*  s  -  5  ft 

M  c  3  o  te. 

ft  o  o  ft*  o 
a  o  w  ft  *. 


^  ►  Ui 

ft 

ft  ft 

M  IN  IN 

o  ft  o 


ft*  M  3 
M  O 

o  ft 


ft  v»  ft 
3  S  M 
o  —  O 
w  ft  o 
ft  ft 
I  3  ft* 


Oft*  s 

S  ft  ©  ft* 

s  c 

-»  -» —  ft 

ft  ft  ft  — 

ft  ft  »  3 

0  0  3  O 


ft* 

I  »  ft  ft 

I  I  « 

o  o 


IN  IN  -  ft. 

M  M  O  3 

U  U  -  M 


21 


-I  —  t  -4  O  « 

«  >  WM  t  N  <1 

3  O  *-  m  I  rw  «  rw 

X  9  *  *-  I  •  •  • 

f  K  K  v  »  O  O  O 

«  3 


•r  X  NNv 

u  u  <0  4  « 

XX—  I  i*  *.  *n 

ow  3  *  *  «  in 

4.  «  X  I  *  *  - 

X  -  W  I  •  •  . 

<  3  *n  -  O 

X  9 


—  IO  O 

S  *>!»•• 
^  ^  I  »V  O  V 

►•»/»»«  O  I  •-  K\ 

■*  O  I*  w  I  ir  c 

O  w  <  V  |  %  % 


»n  o  *n  in 
•  •  •  •  • 
N  4  »  04 

«#  m  o  O 

«#  -O  ®  «C 
*  %  %  % 
N  4  »  9 

m  9  «-  — 

*■  9  9 


W  X 

m  *-  m  —  »  O 

»  19  W  M  I  o 

i  a  x  w  a  i  •  i  • 

O  w  IU  X  I  O  ©  o 

u  j  j  -  i  »n 


M#  -J  •*  O  9 


O  4  w  3  u 
w  u  •  w  ► 
w  u 

-J  .J  U  X 

«  «  <  I  UJ 

X  M. 

OOOO  — 

x  -» 


APPENDIX  E 

PRELIMINARY  TASK  IDENTIFICATION  MATRIX 


The  Preliminary  Task  Identification  Matrix  (PTIM)  is 
designed  for  the  purpose  of  identifying  the  maintenance  task 
requirements  for  each  item  cn  the  equipment  list  and  noting 
at  what  level  (organizational,  intermediate,  depot)  the  task 
is  carried  out.  The  sources  of  data  for  developing  the 
matrix  are  many  and  varied.  Where  the  matrix  is  being 
developed  for  a  new  system  that  is  still  under  development, 
the  analysis  has  to  depend  heavily  on  the  systems 
documentation  that  is  required  by  the  Air  Force  systems 
engineering  management  procedure.  When  the  system  for  which 
the  PTIM  is  being  developed  already  exists,  the  following 
documents  can  be  utilized: 


Technical  Orders  and  Manuals  (TOs  and  TMs ) 
Engineering  Reports 
Standard  Operating  Procedures 
Parts  Inventories 

Special  Tools  and  Test  Equipment  Manuals 
Illustrated  Parts  Breakdowns 
Other  Records 


In  addition  to  the  above,  valuable  information  can  be 
obtained  through  interviews  with  knowledgeable  maintenance 
personnel  who  are  familiar  with  the  equipment.  In  our  case, 
it  is  anticipated  that  TOs  and  TMs  and  interviews  with 
knowledgeable  and  experienced  maintenance  personnel  will  be 
the  main  source  of  information  for  the  completion  of  the 
PTIM.  It  should  be  kept  in  mind  that  PTIM  is  just  that, 
i.e.,  preliminary  or  first  cut  statements  of  the  total  set 
of  maintenance  tasks  that  are  performed  on  the  system.  It 
is,  therefore,  subject  to  refinement  and  greater  detail  as 
the  ISD/JGD  process  develops. 

It  is  obviously  critical  to  identify  all  hardware  items 
since  the  omission  of  an  item  will  result  in  the  omission  of 
tasks  and  hence  they  will  not  be  represented  in  the  JGM  and 
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training.  The  inputs  for  equipment  identification  as 
specified  in  AFHRL-TR-73-43  (I  &  II)  are  as  follows: 


1.  Group  Assembly  Parts  List,  Numerical  Indexes,  ami 
the  S  M  &  R  codes. 

?.  Optimum  Repair  Level  Analysis. 

Level  of  Repair  Analysis  in  compliance  with  MIL- 
STD-1390  (Navy). 

4.  Provisionary  Lists. 

5.  End  Item  Maintenance  Sheets  or  Maintenance  Sheets 
system  documentation. 

6.  Technical  Orders  and  Manuals. 


As  a  minimum,  the  preparation  of  the  PTIM  requires  a  Group 
Assembly  Parts  List  or  an  Illustrated  Parts  Breakdown  and 
the  associated  Source,  Maintenance,  and  Recoverability 
codes.  The  format  for  the  PTIM  is  essentially  as  shown  in 
Figure  E-l.  The  column  and  row  headings  are  defined  as 
follows : 


Maintenance  Function 


1.  adjust  -  to  manipulate  the  equipment  in 

some  manner  so  as  to  bring  it 
to  some  specified  position  or 
state — usually  to  bring  it  from 
some  out-of-tolerance  condition 
to  an  in-tolerance  condition. 

2.  align  -  to  bring  into  precise 

adjustment  or  correct  relative 
position  by  lining  up. 

3.  calibrate  -  using  special  measurements  or 

comparison  with  a  standard,  to 
determine  the  accuracy, 
deviation,  or  variation  in  a 
piece  of  equipment  and  to 
correct  where  necessary. 
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Figure  E-l  Format  for  PTIM 


4. 


check  out 


5.  troubleshoot 


6.  clean 


7.  disassemble/ 
assemble 


8.  inspect 


9.  lubricate 

10.  operate 


11.  remove/ 
replaced 

12.  repair 


13.  service 


to  perform  specific  operations 
to  verify  operational  readiness 
of  the  equipment — to  test. 

to  isolate  the  source  of  a 
malfunction  or  failure  to  at 
item  whose  parts  are 
replaceable  or  repairable. 

to  wash,  scrub,  or  apply 
solvents  to  remove  dirt, 
corrosion,  or  grease. 

to  remove  and  replace  the  parts 
of  an  item  for  purposes  of 
inspection,  cleaning,  repair, 
or  replacement. 

to  perform  a  visual,  auditory, 
or  tactile  examination  or  check 
for  specific  conditions  in 
order  to  determine  the 
serviceability  of  an  item  by 
comparing  its  physical  and 
mechanical  characteristics  with 
some  standard. 

to  put  lubrication  on  specific 
locations. 

to  control  equipment  in  order 
to  achieve  the  intended 
function. 

to  interchange  an  unserviceable 
item  with  a  serviceable  one. 

to  restore  an  item  to  operable 
condition  by  means  other  than 
total  replacement  of  a  part. 

to  perform  operations  required 
periodically  such  as  replenish 
consumable  supplies,  to  keep  an 
item  in  proper  operating 
condition. 


Whereas  in  the  format  recommended  in  AFHRL-TR-73-43  (I  &  II) 
checkout/troubleshoot  is  listed  as  one  maintenance  function. 


they  probably  should  be  separated,  as  one  can  occur  without 
the  other  especially  in  the  case  of  scheduled  maintenance. 


Systems  Hardware  Item 


The  equipment  items  are  listed  in  the  row  headings.  The 
titles  that  are  being  used  in  CURT  (e.g.,  brakes/anti-skid) 
are  adequate  for  initial  efforts  at  the  PTIM;  however,  at 
some  point,  these  pieces  of  equipment  must  be  broken  down 
into  finer  detail.  A  simple  identification  such  as  Main 
Landing  Gear  -  Mechanical  Parts  is  not  sufficient.  The 
greater  detail  can  be  obtained  from  the  Group  Assembly  Parts 
List  or  from  the  IPB. 


Code-Reference  Designator 


The  codes  showing  subordination  should  be  as  specified  in 
MIL-M-008910A  (AS)  and  the  codes  as  well  as  the  reference 
designator  should  follow  the  guidelines  suggested  in  AFHRL- 
TR-73-43  (I  &  II).  However,  it  is  suggested  that  there  also 
be  a  code  column  carrying  che  DRC  code  designator  (e.g., 
GLC-173 )  since  this  will  facilitate  the  cross-checking  of 
data  within  the  CDB . 


Found  in  Troubleshooting 


A  check  will  be  placed  in  this  column  when,  if  the  hardware 
item  malfunctions,  the  malfunction  is  uncovered  by  the 
troubleshooting  of  a  superordinate  hardware  item.  The  items 
checked  are  those  that  are  replaced  or  repaired  as  the 
result  of  a  particular  troubleshooting  routine. 

One  further  departure  from  the  PTIM  format  presented  in 
AFHRL-TR-7 3-43  (I  &  II)  is  suggested.  The  matrix  cells  are 
divided  diagonally  so  that  in  each  cell  the  notation  of 
level  of  maintenance  can  be  entered  and,  when  the  PTIM  is 
annotated,  the  head,  book,  joint  notation  can  also  be 
entered.  However,  this  results  in  an  unnecessarily 
cluttered  display,  and  a  separate  matrix  for  both  these 
notations  would  be  better  despite  the  added  pieces  of  paper. 
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The  cell 

entries  for  the  PTIM 

are 

as  follows 

* 

• 

- 

No  maintenance  task 
the  hardware  item. 

of 

this 

type 

is 

performed 

on 

0 

A  maintenance  task  of  this 
the  organizational  level. 

type 

is 

performed 

at 

I 

A  maintenance  task  of 
the  intermediate  level. 

this 

type 

is 

performed 

at 

D 

A  maintenance  task 
the  depot  level. 

of 

this 

type 

is 

performed 

at 

0 

A  maintenance  task 

of 

this 

type 

is 

performed 

at 

both  the  organizational  and  intermediate  levels. 


PTIMs  of  several  detail  levels  follow.  These  were  derived 
from  a  PTIM  for  the  entire  landing  gear  which  is  not  shown. 
A  PTIM  for  those  hardware  items  removed  and  order  of  removal 
for  the  subject  task  is  provided  in  Figure  E-2.  Finally,  a 
detailed  PTIM  is  provided  in  Figure  E-3. 
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F'*'"  E  2  LANDING  GEAR  DETAILED  RTIM  (IN  ORDER  OF  RE-OVAL  -  WHEEL.  TIRE.  AND  BRAKE  ASSEMBLY) 


LANDING  GEAR  DETAILED  ANNOTATE  >  TASK  IDENTIFICATION  MATRIX  (ATIM) 


APPENDIX  F 
USER  DESCRIPTION 


Various  types  of  user  descriptions  are  discussed  in  AFHRL- 
TR-73-43.  Initially,  the  Air  Force  would  provide  the 
technical  manual  developer  with  a  preliminary  user 
description,  a  statement  of  the  type  of  maintenance 
technician  expected  to  be  working  on  the  system.  It 
describes  the  technician  in  terms  of  aptitudes,  experience, 
and  job  related  skills  and  knowledges.  At  the  same  time  the 
Air  Force  would  specify  an  existing  military  population  most 
analogous  to  the  expected  technical  manual  users.  The 
contractor  would  then  assess  this  population  to  determine 
differences  between  the  statement  of  characteristics  listed 
in  the  preliminary  user  description  and  those  of  the 
analogous  population.  This  assessment  would  eventually 
result  in  a  modified  user  description,  a  more  complete  and 
realistic  statement  of  the  technical  manual  user. 


The  resources  were  not  available  during  this  study  to 
implement  this  procedure.  Instead  a  description  of  the  type 
personnel  who  might  have  been  assigned  to  the  AMST  was 
prepared  and  entitled  an  estimated  user  description.  The 
technical  manual  sample  was  prepared  with  this  population  in 
mind.  The  sample  estimated  user  description  used  is 
provided  as  follows. 


ESTIMATED  USER  DESCRIPTION 


The  Estimated 
is  that  of 
procedural i zed 


User  Description  (for  the  431X2  career  field) 
personnel  being  trained  with  the  use  of 
technical  manuals  and  task-oriented  training 


procedures.  The  requirements  are  as  follows: 


1. 


Aptitude:  A  minimum  of  5i 

Mechanical,  through  the  use 
Vocational  Aptitude  Battery 
criteria  for  USAF  personnel. 


be  obtained  in 
of  Armed  Forces 
( ASVAB )  scoring 


2. 

3. 


Reading  Level:  A  reading  level  be  obtained  of 

more  than  60  using  the  same  scoring  criteria. 


Aptitude:  Average  (ASVAB) 
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JKDCHttWG  PAOi  BUNK-WOT  FILMED 


• . . 


Average  Time  in  Service  -  18  months 

Prior  Indirect  Training  -  3  months  BMT 
Prior  Direct  Training  -  Half  of  the  personnel  have 
the  required  AFSC  and  30  days  OJT.  The  other  half 
have  eight  weeks  task-oriented  training. 

Prior  Military  Work  Experience  -  Half  have  2  years 
experience  with  the  C-130  aircraft.  The  other 
half  have  no  military  work  experience. 


APPENDIX  G 

TECHNICAL  MANUAL/TRAINING  TRADE- OFF  GROUND  RULES 


A  set  o£  ground  rules  which  direct  the  technical 
manual/training  trade-off  is  also  developed  through  the 
integrated  task  analysis.  These  ground  rules  are  similar 
for  all  systems  but  must  be  reviewed  and  modified  for  the 
particular  weapon  system  and  user  of  interest.  These  ground 
rules  are  initially  used  in  developing  the  ATIM  and 
continuing  the  tech  manua 1/tra in ing  trade-off  to  lower 
levels.  It  is  important  to  note  that  tasks  are  covered  in 
both  manuals  and  training  but  the  emphasis  is  different. 
For  example,  the  need  for  test  equipment  and  limits  to  be 
observed  may  be  presented  in  a  manual,  but  the  use  of  test 
equipment  is  taught.  Simple  ground  rules  which  are 
particularly  applicable  to  task-oriented  training  and 
procedural ized  manuals  follow. 


Put  into  Technical  Manuals 


•  Behavioral  sequences  that  are  complex  and  long  and 
which  would  put  a  burden  on  memory 

•  Behavioral  sequences  which  would  require  extremely 
lengthy  training/practice  periods  to  produce 
sufficiently  reliable  performance 

«  Tasks  that  utilize  reference  information  such  as 

tables,  graphs,  flow  charts  and  schematics, 
tolerances,  etc. 

•  Tasks  that  are  aided  by  the  presence  of 

illustrations 

o  Tasks  that  involve  comple 

•  Tasks  that  involve  complex  discriminations  or 

where  similarity  of  cues 'cause  confusion 

•  Tasks  that  are  performed  under  stressful 

conditions  that  might  degrade  performance  -  except 
time  stress 

• 


Infrequently  performed  tasks. 


Tasks  where  the  probability  of  error  is  high  and 
errors  are  costly. 

Tasks  with  branching  step  structures. 

Where  low  skill  level  personnel  are  used. 

Where  turnover  is  high. 

Where  procedures  change  from  time  to  time. 


Put  into  Training: 

o  Tasks  that  are  not  easily  described  in  book  form. 

•  Tasks  that  are  not  easily  learned  on  the  job 

(unless  they  can  be  put  into  tech  manuals). 

•  Tasks  that  need  a  great  deal  of  practice  for 

acceptable  proficiency. 

•  Tasks  where  there  is  little  room  for  error  and  the 
errors  are  costly. 

e  Tasks  which  are  performed  frequently  on  the  job. 

•  Tasks  requiring  nigh  speed  -  where  the  rate 

stimulus  inputs  are  high  and  response  outputs  are 
high . 

•  Tasks  that  are  performed  under  stress  -  especially 
time  stress. 

•  Where  environmental  constraints  interfere  with  or 
prohibit  use  of  aids. 

•  Tasks  performed  by  a  large  proportion  of 
individuals  in  a  given  specialty. 
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APPEND I  X  H 

TASK  ANALYSIS  WORK  SHEETS* 


*  Task  analysis  worksheet  samples  are  provided  in  this 
appendix.  These  cover  two  tasks:  remove  brake  and  install 
brake.  These  tasks  are  accomplished  after  the  wheel  and 
tire  have  been  removed. 
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APPENDIX  I 

TEST  EQUPIMENT  AND  TOOL  USE  FORMS 


The  test  equipment  and  tool  use  forms  are  initiated  early 
during  the  integrated  task  analysis.  Initially,  they  are 
used  to  identify  the  test  equipment  and  tools  required  and 
to  describe  their  functions.  Finally,  the  form  is  used  to 
document  the  technical  manual  and  training  trade-off  for 
test  equipment  and  tools.  Those  prepared  for  the  torque 
wrench  and  one  type  of  spanner  wrench  are  included. 
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TEST  EQUIPMENT  AND  TOOL  USE  FORM 


TEST  EQUIPMENT  AND  TOOL  USE  FORM 
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APPENDIX  J 

ANNOTATED  TASK  IDENTIFICATION  MATRICES 


The  ATIM  file  is  established  after  completion  of  the  PTIM, 
user  description,  technical  manual/training  trade-off  ground 
rules  and  task  analysis  worksheet  files.  These  files 
provide  the  decision  data  necessary  to  prepare  the  ATIM;  the 
allocation  of  task  coverage  to  training  or  technical 
manuals . 

The  ATIM  is  retained  in  the  CDB  as  hard  copy  in  a  format 
similar  to  the  PTIM.  The  complete  ATIM  for  the  task  - 
remove  and  replace  main  landing  gear  brake  is  shown. 
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P8ECED1W  PAQS  BUWK-aor 


LANDING  GEAR  DETAILED  ANNOTATED  TASK  IDENTIFICATION  MATRIX  (ATIMI 


LANDING  GEAR  DETAILED  PRELIMINARY  TASK  IDENTIFICATION  MATRIX  (PTIM) 
(TASK  -  REMOVE  AND  REPLACE  MAIN  LANDING  GEAR  BRAKE) 


APPENDIX  K 

LEVEL-OF- DETAIL  GUIDE 


*80*' 


The  level-o£-detai 1  guide  is  described  in  AFHRL-TR-73-43  as 
a  statement  of  how  detailed  the  information  provided  in  a 
technical  manual  needs  to  be  based  on  the  target  audience 
and  what  is  known  about  the  equipment  system.  It  consists 
of  a  set  of  coverage  rules  stating  what  needs  to  be  told  the 
technician  and  how  deeply  the  technical  manual  should  go 
into  each  matter.  One  might  normally  expect  this  guide  to 
be  written  for  a  specific  subsystem  and  technical  skill. 
During  this  effort  a  specific  sample  task  within  a  subsystem 
v/as  being  addressed.  As  a  result,  the  level-of-deta i  1  guide 
was  prepared  at  a  greater  level  of  detail  than  is  normally 
appropriate . 


Level-of-Detail  Guide 


1.  Disconnect  leveler  rod 

Simple  statement  of  steps  as  they  occur  in  their  proper 
code  - 
Example : 

"using  pliers,  remove  the  cotter  pin" 

"Using  wrench,  remove  nut" 

"Put  nut  and  washer  back  on  leveler  rod  for  safe 
keeping" 

These  steps  will  be  accompanied  by  a  blow-up  diagram 
which  (1)  shows  the  location  of  the  rod  and  (2)  details 
the  assembly. 

2.  Remove  valve  core  and  deflate  tire 

Simple  statement  of  steps.  The  appropriate  tire 
pressure  which  must  be  reached  before  proceeding  will 
be  specified.  The  use  of  the  valve  core  tool  and  the 
tire  gauge  will  be  taught  through  training.  Cautions 
will  be  listed. 

3.  Remove  snapring,  hub  cap,  grease  retainer  ring,  felt 
grease  seal,  safety  wire,  skid  detector  screws  and 
detector,  cotter  pin  from  lock  ring,  and  axle  nut. 
Simple  statement  of  steps  with  suggestions  to  keep 
things  in  order  of  removal  to  facilitate  installment. 
Also  inspect  for  wear. 
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4.  Inspect  wheel  for  defects 

The  specific  types  of  defects  likely  to  be  encountered 
will  not  be  described.  They  will  be  covered  in 
training:  The  JPA  will  only  direct  the  technician  to 
inspect. 

5.  Remove  axle  nut  and  lock  ring 

Simple  statement.  The  use  of  the  spanner  wrench  will 
be  taught  in  training. 

6.  All  steps  up  through  removal  of  the  tire  are  listed  in 
a  straightforward  manner  with  accompanying 
illustrations.  The  washing,  lubricating  of  seals, 
rings,  etc.,  will  be  covered  in  training.  However,  the 
material  used  will  be  listed  in  the  book. 

7.  Brake  removal  and  installation 

Steps  are  listed  in  straightforward  manner.  The  steps 
dealing  with  the  torque  link  will  be  described  in 
somewhat  more  detail,  especially  the  cues  required  to 
align/install/etc.,  star  washer,  bolt,  and  nut.  For 
example,  there  will  be  information  on  such  things  as 
how  to  discern  when  the  bolt  is  properly  installed, 
when  the  nut  is  tight,  etc.  These  steps  will  also  be 
covered  in  training.  The  cautions  involving  brake 
removal  and  installation  will  be  emphasized.  Here  again 
cues  will  be  emphasized  such  as  how  much  of  the  spacer 
should  be  showing  when  brake  is  properly  installed. 

8.  Tire  installation 

The  most  difficult  part  of  putting  the  tire  back  on  is 
the  alignment  of  the  rotor  and  stator  discs  of  the 
brake  with  the  wheel.  This  will  be  mentioned  in  the 
book  but  it  will  be  presented  in  training.  Again, 
mention  will  be  made  of  the  cues  that  are  visible  when 
there  is  proper  installation. 
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APPENDIX  L 

LCOM  APPLICATION  TO  AMST  LANDING  GEAR  WITH 
FLIGHTLINE  SUPPORT  EQUPMENT  (SE) 


INTRODUCTION 


This  section  summarizes  the  methodology  for  inclusion  of 
AGE^  maintenance  networks  within  the  framework  of  AMST 
landing  gear  maintenance  networks.  The  effort  involved  six 
steps: 

1.  Selection  of  AGE  pertinent  to  landing  gear 

maintenance. 

2.  Determination  and  validation  of  maintenance  task 

data  for  the  AGE. 

3.  Construction  of  AGE  maintenance  networks  for  LCOM 
simulation. 

4.  Running  the  simulations. 

5.  The  correction  of  input  data  resulting  from 

evaluation  of  simulation  model  output  products  and 
rerunning  the  simulation. 

6.  The  identification  of  AGE  and  manpwor  requirements 

necessary  to  support  AMST  landing  gear 

maintenance . 


I 


METHODOLOGY 


The  first  step  in  the  effort  was  concerned  with  identifying 
the  AGE  needed  to  support  landing  gear  maintenance  on  AMST 
aircraft.  Design  decisions  during  the  prototype  phase  of 
the  study  indicated  that  the  landing  gear  for  C-141  aircraft 


1 


The  acronym  AGE  for  aerospace  ground  equipment  as  used 
in  this  section  is  considered  synomous  with  SE. 
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would  be  similar  to  that  used  for  the  AMST.  As  a  result, 
several  bases  which  maintain  C-141  aircraft  were  each  asked 
to  submit  a  list  fo  the  AGE  they  used,  the  number  of  each 
type  of  unit  assigned  to  the  base,  and  the  monthly  demand 
rate  for  each  of  the  units.  From  these  lists,  nine 
different  units  were  initially  identified  as  being  pertinent 
to  landing  gear  maintenance.  Two  of  these  units  were  late 
ignored  in  the  study;  the  hydraulic  servicing  cart  was 
dropped  because  it  was  not  used  for  landing  gear 
maintenance,  and  the  hydraulic  test  stand  was  dropped 
because  of  low  usage.  Of  the  seven  units  selected  for  the 
study,  the  three  powered  AGE  units  were:  the  AM32A-60  Gas 
Turbine  Generator  Set,  the  AF/M27M-1  Hydraulic  Jacking 
Manifold  (gasoline  powered),  and  the  NF-2  Light  Cart.  The 
four  non-powered  AGE  units  were  the  MD-3  nitrogen  servicing 
cart,  the  35-ton  axle  jack,  the  30-ton  tripod  jack,  and  the 
70-ton  tripod  jack. 

A  trip  to  Charleston  AFB  later  revealed  that  an  extended 
version  of  the  30-ton  tripod  jack  was  used  there  in  lieu  of 
the  70-ton  tripod  jack  so  this  change  was  made  and  data  was 
collected  accordingly. 

Step  two  dealt  with  the  collection  and  validation  of 

maintenance  task  data  for  the  selected  AGE.  The  initial 
procedure  was  to  extract  the  data  on  the  AGE  from  ABD64-A 
magnetic  computer  tapes  which  are  a  compilation  of  AFTO  Form 
349  reports.  AFHRL-TR-77-43 ,  "Predicting  Powered  Support 
Equipment  and  Associated  Maintenance  Manpwoer  Requirements" 
(Reference  L—  1 )  was  used  as  an  aid  in  extracting  the  data. 
Tapes  for  a  6-month  period  (from  around  September  1977  to 

April  1978)  were  requested  from  each  of  five  bases.  With 

the  assistance  of  AFHRL,  some  data  were  gathered  on  the 

generator  sets  and  light  carts.  It  seems  that  only 
registered  AGE  is  logged  on  these  tapes  and  no  data  were 

found  on  the  nitrogen  carts.  The  data  compiled  from  the 

ABD64-A  tape  extraction  process  were  useful  insofar  as 
maintenance  personnel  listings  and  task  times  were 
concerned . 

Following  the  extraction  procedure,  scheduled  and 
unscheduled  maintenance  task  flow  diagrams  were  constructed 
for  each  of  the  AGE,  both  registered  and  non-registered . 
Task  data  such  as  personnel,  resources,  and  time  were 
entered  on  the  diagrams  using  available  data  from  the  tape 
extraction  and  from  experienced  personnel  within  the  Air 
Force  and  DRC .  Subsequently,  a  visit  was  made  to  Charleston 

AFB  in  order  to  verify  the  diagrams  and  to  fill  the 

remaining  blanks.  Various  maintenance  shop  personnel  were 
interviewed  at  Charleston  including  those  at  dispatching. 
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gas  cart  servicing  and  repair,  powered  age  inspection  and 
servicing,  powered  age  repair,  and  wheel  and  tire.  The 
maintenance  supervisors  and  other  personnel  in  these  shops 
were  most  helpful  and  informative  with  the  net  result  that 
the  task  flow  diagrams  for  all  units  were  easiLy  completed 
upon  returning.  Operational  scenario  flow  diagrams  were 
also  completed  at  that  time. 

The  third  step  involving  construction  of  AGE  maintenance 
networks  for  LCOM  consisted  of  two  applications.  In  the 
first  application,  the  LCOM  simulation  was  to  be  run  using 
the  demand  rate  for  the  AGE  based  upon  total  aircraft 
maintenance  needs  for  a  given  base.  In  the  second 

application,  the  AGE  demand  rate  was  based  upon  the 
particular  needs  of  unscheduled  landing  gear  failures  for 
AMST  aircraft.  In  order  to  achieve  this,  it  was  necessary  to 
integrate  the  AGE  with  those  of  the  landing  gear. 

The  basic  scheduled  and  unscheduled  maintenance  and 
operating  networks  for  each  of  the  AGE  units  were 
constructed  from  their  associated  AGE  task  flow  diagrams  and 
prepared  in  Extended  Form  11  format.  "Simulating 

Maintenance  Manning  for  New  Weapon  Systems,"  AFHRL-TR-74-97 
(Reference  L-2)  was  used  as  an  aid  in  constructing  the 
networks.  The  AGE  demand  rates  for  this  application  (Table 
L—  1 )  were  determined  from  averaging  the  data  received  from 
the  five  bases.  The  assigned  number  of  units  of  eacn  type 
of  age  was  determined  initially  by  estimating  the  landing 
gear  maintenance  needs  of  a  52  AMST  wing  flving  about  17 
missions  per  day.  This  determination  was  further  based  on 
estimation  of  the  downtime  probabilities  of  the  AGE  and  the 
requirement  for  periodic  maintenance . 

The  second  application  of  this  step  uses  much  the  same 
networks  as  the  first.  However,  as  was  noted  earlier,  they 
are  integrated  through  their  operating  scenario  into  the 
AMST  landing  gear  unscheduled  maintenance  networks,  since 
the  AGE  demand  is  based  upon  landing  gear  failure  rates.  At 
present,  LCOM  is  not  specifically  designed  to  handle  the 
type  of  network  construction  involving  SE  as  used  here  in 
that  simultaneous  landing  gear  failures,  i.e.,  two  failures 
on  one  aircraft,  can  result  in  multiple  demands  for  the  same 
resource  where  only  one  of  an  AGE  type  is  actually  needed. 
For  example,  while  the  AM32A-60  generator  can  support  an 
entire  aircraft,  each  landing  gear  failure  will  call  one 
out.  The  net  result  is  that  there  may  appear  to  be  a  higher 
demand  on  AGE  than  exists  in  reality.  A  similar  problem  is 
present  in  the  maintenance  personnel  area.  These  may  be 
ways  of  getting  around  this  difficulty,  but  for  this 
specific  scenario,  a  method  has  not  yet  been  perceived, 
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TABLE  L-1  ASSIGNMENT,  DEMAND  AND  SCHEDULED  MAINTENANCE 


1 


i 

I 

although  an  unsuccessful  attempt  was  made.  For  both  parts  of 
the  stop,  individual  networks  for  each  SE  type  have  been 
constructed  and  placed  in  Extended  Form  11  compatible 
format.  Each  of  these  SE  networks  was  developed  from 
maintenance  flow  diagrams  based  on  the  SE  unscheduled  and 
periodic  maintenance  requirements.  The  SE  networks  for  a 
fixed  demand  rate  are  presented  in  Figures  L-l  -  L-6.  Tne 
networks  used  in  conjunction  with  the  AMST  landing  gear 
failure  demand  are  essentially  the  same,  but  without  the 
mission  call(ZOOOOO)  node. 

In  order  to  perform  the  LCOM  simulation  runs,  the  fourth 
step  of  the  effort,  it  was  necessary  to  build  a  scenario 
around  the  maintenance  networks.  The  scenario  is  based  upon 
a  wing  of  52  AMST  aircraft  in  which  one-third  of  the  planes 
fly  each  day.  Aircraft  are  preflight  inspected  between  0400 
and  1500,  takeoff  between  0600  and  1700,  and  fly  5-hour 
missions  .  Although  SE  is  available  for  use  around  the 
clock,  most  of  the  SE  maintenance  personnel  shops  operate 
only  one  shift  from  0800  to  1600  (based  upon  Charleston  AFB 
scheduling).  This  is  true  of  AFSCs  423R5  (powered  SE 
repair),  431Y2  (gas  cart  service  and  repair),  427X4  (welding 
shop),  423X0  (electrical  repair)  in  this  model.  The 

remaining  AFSCs,  423W5  (powered  AGE  service  and  inspect), 
431X2  (wheel  and  tire)  and  603X0  (dispatch  are  on  three- 
shift  duty.  The  simulation  scenarios  for  this  model  are  run 
for  180-day  segments.  Each  of  the  scenarios,  presented  in 
Figures  L-7  and  L-8,  includes  mission  or  dispatch  and 
periodic  maintenance  start  times,  priorities,  allowable 
delay  times  and  frequency  of  occurrence.  An  additional 
important  input  to  the  simulation  is  that  of  "18"  cards  for 
priority  specifications.  These  cards  allow  for  task 
preempting  and  expediting,  and  for  overtime  allocation  in 

those  shops  not  on  three  shifts.  The  initial  simulation 
runs  for  both  scenarios  were  made  with  no  constraint  on 

manpower;  thus,  the  primary  constraints  became  the  task 
times  required  to  fix  the  various  units  and  the  limiting 

number  of  AGE  available. 

The  simulations,  based  upon  landing  gear  demand,  were  run 
with  a  modified  landing  gear  failure  rate.  All  failure- 
were  reduced  by  a  factor  of  A;  for  example,  the  mean  sorties 
between  maintenance  action  ( MSB A)  for  a  5-hour  sortie  of  the 
main  landing  gear  was  reduced  from  145  to  29.  The  purpose 
of  this  reduction  was  to  increase  simulation  run  turnaround 
times  and  to  reduce  computer  processing  costs  by  about  50 
percent.  While  the  results  of  this  action  would  naturally 

reduce  the  manpower  and  resource  needs  for  a  130-day  period, 
it  was  decided  that  the  main  objective  of  the  effort,  which 
was  to  demonstrate  the  integration  of  AGE  maintenance 
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Figure  L-l  AM32A -60  MAINTENANCE  NETWORKS 
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Figure  L-2  NF-2  MAINTENANCE  NETWORKS 
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networks  within  an  aircraft  maintenance  scenario,  was  still 
achieved.  The  original  MSBMAs  of  the  landing  gear  system 
were  reinstated  for  the  final  simulations  in  order  to 
determine  the  manpower  and  resource  needs  as  well  as  provide 
for  a  comparison  with  Reliability  and  Maintainability  (R&M) 
model  mean  value  outputs.  Results  of  the  initial  runs 
indicated  (a)  for  the  constant  demand  scenario,  an  overall 
mission  success  of  67  percent,  and  (b)  for  the  landing  gear 
demand  scenario,  a  100  percent-misss ion  accomplishment. 

The  fifth  step  in  the  effort  involved  analyzing  the  output 
products  of  each  successive  simulation  run  and  making 
changes  to  the  input  data  in  order  to  create  the  desired 
results.  The  apparent  difference  between  the  mission 
success  of  the  two  scenarios  is  due  to  the  fact  that  the 
demand  rates  of  the  two  are  different.  While  in  one  case  the 
success  is  far  below  that  desired,  because  of  an  apparent 
insufficiency  of  manpower  or  resources  available,  in  the 
other,  there  may  be  an  overabundance  of  personnel  and 
resources  allocated  to  landing  gear  and  AGE  maintenance.  In 
the  following  paragraphs,  the  two  scenarios  are  analyzed 
separately,  although  it  is  pointed  out  that  changes  made  in 
one  with  respect  to  task  times,  task  probabilities,  or 
failure  rates  are  also  entered  into  the  other. 

On  its  initial  run,  the  constant  demand  scenario  simulation 
called  AGE  indicated  an  overall  65-percent  mission 
success.  Analysis  of  the  output  products  indicated  that  it 
was  only  the  dispatch  missions  on  the  "D60"  generators  and 
"NF2"  light  carts  that  were  not  totally  successful  Further 
analysis  of  output  products  showed  that  post-sortie  times 
for  these  two  units  v  greater  than  24  hours.  Since  there 
are  40  demands  per  .  ’  on  30  D60  units  with  a  failure 
expected  every  two  demands,  it  is  not  surprising  that  the 
average  25-hour  post-sorties  time  would  yield  the  results 
obtained.  Some  of  cnis  known  time  is  probably  due  to  the 
fact  that  repair  personnel,  AFSC  423R5,  work  only  one  shift, 
so  that  any  maintenance  task  not  completed  by  1600  must  wait 
overnight  before  work  is  resumed.  The  12  percent 
unsatisfied  demand  for  these  AFSCs  lends  further  credence  to 
this.  For  the  second  run,  the  mission  scenario  was  changed 
slightly  to  permit  a  1-hour  delay  (originally  30  minutes)  on 
a  dispatch  call  to  see  if  this  reduced  the  number  of  mission 
aborts.  While  the  mission  success  percentage  for  the  D60 
went  up  only  .03  percent,  the  additional  half-hour  allowed 
the  NF12  enough  extra  time  for  repair  in  the  shop  for  its 
mission  success  went  up  to  100  percent.  Average  post¬ 
sortie,  or  downtime  for  the  D-60  increased  slightly,  while 
for  the  NF2,  it  went  down  to  17  hours. 
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The  next  modification  to  the  AGE  data  input  was  to  change 
the  D60  failure  rate  from  every  two  demands  to  every 
three.  Mission  success  rose  to  62  percent  for  D60 
dispatches  as  a  result  of  this  change.  However,  this  value 
was  still  not  satisfactory;  so  as  an  experiment,  the  1600  to 
2400  shift  was  activated  with  two  423R5s  in  the  repair 
shop.  The  result,  was  that  dispatch  success  increased 
again;  this  time  to  69  percent.  This  value  was  still 

unsatisfactorily  low,  so  a  further  analysis  of  the  input 

data  was  made.  It  is  pointed  out  here  that  the  input 
analysis  of  the  input  data  was  made.  It  i  pointed  out  here 
that  the  input  networks  were  constructed  data  collected 

during  a  visit  to  Charleston  AFB .  ask  times  and 

failure  rates  were  based  upon  esti  made  by  the 

maintenance  personnel  in  the  appropriate  ops  on  base.  The 
demand  rate  was  also  based  upon  Charleston's  demand.  Since 
there  seemed  to  be  enough  units  there  to  meet  all 

maintenance  demands,  it  become  necessary  to  look  further 
into  the  task  times  and  probabilities  for  the  D60.  Several 
possible  areas  were  considered  for  modification;  (a)  the 
probabilities  of  flight  line  maintenance  versus  shop 
maintenance,  (b)  the  mean  flightline  maintenance  time,  and 
(c)  the  remove-and-replace  task  times  in  the  shop.  Each  of 
these  modifications  was  made  in  turn,  with  increasing 
success;  the  mean  probability  ratio  for  flightline/shop 
maintenance  was  changed  from  80/20  to  90/10.  Flightline 
maintenance  time  was  reduced  from  24  minutes  to  15  minutes 
and  the  mean  removal  task  time  was  reduced  from  2.2  hours  to 
1.1  hours  because  this  time  might  have  been  duplicated 
initially  in  the  shop  maintenance  times.  With  all  these 
changes  included,  the  D60  mission  success  went  up  to  89 
percent  as  shown  in  Figures  L-18  through  L-20.  At  this 
point,  it  was  deceided  that  further  manipulations  of  the 
maintenance  data  would  serve  no  useful  purpose,  and  runs  for 
this  scenario  were  concluded. 

The  scenario  based  upon  AMSI  landing  gear  maintenance  demand 
is  called  "LGAGE."  The  first  simulation  run  was  made  after 
the  third  "AGE"  run.  Results,  indicated  100  percent  mission 
accomplishment  across  the  board,  as  shown  in  Figures  L-21  to 
L-25.  While  the  100  percent  success  may  have  been  affected 
by  the  reduced  landing  gear  failure  rate,  it  appeared  to  be 
due  primarily  to  the  unconstrained  number  of  personnel,  the 
more  than  adequate  supply  of  AGE  resources,  and  only  17 
flights  per  day.  Looking  at  the  Personnel  report.  Figure  L- 
22,  it  can  be  seen  that  personnel  utilization  was  4  percent 
at  most.  An  analysis  of  manpower  demand  by  hour  over  the 
180-day  scenario  was  conducted  using  the  Manpower  Martix 
output  products  of  the  run.  For  the  next  run,  the  number  of 
personnel  was  limited  to  from  one  to  four  per  shift  for  a 
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Figure  L-19  FINAL  AGE  SIMULATION 
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Figure  L-20  FINAL  AGE  SIMULATION 


Fiqure  L-21  INITIAL  LGAGE  SIMULATION 


RUN  NUMBER  LG/»Ge5  PERFORMANCE  SUMMARY  PE«00  ErO*  I.  TO  16*.  0  LEVEL® 


run  nunber  lgagee  performance  summary  Rerioo  from  i.  to  iea»o  level 


Figure  L-2  3  INITIAL  LGAGE  SIMULATION 


initial  lgage  simulation 


shop,  depending  upon  the  AFSC.  The  run  was  made  and  the 
output  results  indicated  a  mean  utilization  of  19  percent, 
with  a  maximum  of  51  percent.  This  seemed  satisfactory  in 
light  of  the  fact  that  some  of  the  work  centers  required  a 

set  number  of  people  for  a  job  that  is  not  performed 

often.  Also,  increasing  utilization  by  decreasing  the 
number  of  people  would  lead  to  an  inability  to  perform 
maintenance  during  peak  demand  times,  resulting  in  a  much 
higher  mission  abort  rate.  Twelve  AMST  missions  were  not 

accomplished,  yielding  a  99  percent  mission  success 

overall.  Figures  L-26  -  to  L-30  illustrate  the  results  of 
this  run. 

A  final  LG AGE  simulation,  with  MSBMA  values  for  the  landing 
gear  set  to  their  true  (original)  values,  was  not  made  prior 
to  updating  of  LCOM  to  version  3.0. 

Toward  the  end  of  this  effort,  a  study  was  conducted  which 
compared  manpower  and  AGE  utilization  requirements  of  a 
given  scenarios  for  the  LCOM  and  R&M  models.  The  study 
required  constructing  a  maintenance  network  which  could  be 
fully  utilized  by  both  R&M  and  LCOM  models  for  comparative 
purposes.  This  network  focused  on  the  AV.ST  landing  gear 
maintenance  with  flightline  AGE  useage  but  no  AGE 
maintenance.  The  LCOM  simulation  RMLCOM  was  run  using  the 
network  and  both  manpower  and  support  equipment  data  were 
output  from  the  post  processor  programs.  A  short  program, 
called  TIMET01L,  was  written  to  extract  AGE  usage  time 
against  each  type  of  AGE  from  the  voluminous  data  produced 
by  LCOM.  In  order  to  extract  flightline  AGE  data  from  the 
R&M  model,  two  changes  to  the  model  program  were  necessary. 
The  first  change  involved  (a)  calculating  usage  time  on  the 
flightline  in  a  manner  similar  to  that  used  for  calculating 
personnel  utilization  time  and  (b)  formatting  a  presentation 
for  the  output  data.  This  change  is  now  designed  to  handle 
any  flightline  resource  that  might  turn  up  in  Extended  Form 
11  networks. 

The  second  change  implemented  in  the  R&M  model  program  was 
specific  to  the  effort,  wherein  there  are  different  possible 
combinations  of  AGE  for  each  of  possible  landing  gear 
failures.  In  LCOM,  this  parrallelism  is  handled  through 
node  probabilities.  Since  parallelism  is  not  within  the 
designed  scope  of  the  R&M  model,  a  "work  around"  was 

conceived  such  that  additional  or  parallel  subsystems  having 
only  flightline  tasks  were  permitted,  and  each  subsystem  of 
a  set  was  used  to  model  an  AGE  combination  for  the  given 

failure  type.  For  example,  a  main  landing  gear  failure 

required  one  of  five  AGE  combinations  (e.g.,  a  D-60  or  D-60 

and  an  NF-2)  for  flightline  maintenance.  Thus  five  main 
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Figure  L-2 6  CONSTRAINED  LGAGE  SIMULATION 
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Figure  L-2  7  CONSTRAINED  LGAGE  SIMULATION 


Figure  L-2  8  CONSTRAINED  LGAGE  SIMULATION 


landing  gear  subsystems  were  placed  in  the  network.  The 
total  task  time  Cor  each  task  type  (e.g.,  troubleshoot  or 
remove  and  replace)  was  then  proportionately  subdivided 
among  the  five  subsystems,  based  upon  the  likelihood  of  a 
given  AGE  combination.  The  use  of  different  support 
equipment  combinations  was  considered  in  the  shop  tasks  for 
this  scenario,  so  that  only  one  of  each  subsystem  type  was 
required  for  those  tasks. 

Results  of  this  comparison  study  are  presented  in  Table  L-2 
and  Table  L-3.  For  the  AGE  demand,  the  percent  difference 
in  overall  usage  time  between  the  two  models  is  less  that  4 
percent  of  the  total.  The  primary  reason  for  the 
differences  in  the  two  models  appears  to  be  due  to  the 
random  nature  of  the  Logistics  Composite  Model  in  failure 
selection  and  the  probability  distribution  of  the 
maintenance  task  times. 


Table  L-2 

COMPARISON  OF  AGE  USAGE  (FLIGHTLINE) 
BETWEEN  LCOM  AND  R&M 


A  %  = 


HRS/KFH 

LCOM-R&M 

Unit 

LCOM 

R&M 

(A)  (HRS) 

R&M 

AJ35T 

114.92 

137.87 

-22.95 

-16.65 

D60 

592.45 

609.87 

-17.42 

-2.86 

MD3 

27.42 

25.18 

2.24 

8.90 

M27M 

53.51 

51.41 

2.10 

4.00 

NF2 

237.50 

250.90 

-13.40 

-5.34 

TJ30E 

53.51 

51.41 

2.10 

4.08 

TJ30N 

53.51 

51.41 

2.10 

4.08 

TOTALS 

1132.82 

1178.05 

-45.23 

-3.84 

The  results  shown  in  Table  L-3  for  manpower  utilization  in 
maintenance  manhours  per  thousand  flight  hours  ( MMH/KFH ) 
show  approximately  a  5  percent  overall  difference  between 
the  models.  The  reasons  are  again  primarily  those  discussed 
above.  The  two  columns  of  R&M  output  data  are  listed  to 
illustrate  the  slight  changes  in  workhour  needs  due  to 
differences  between  the  model  which  incorporates  AGE  usage 
and  that  which  also  handles  the  different  AGE 
combinations.  One  column  lists  the  number  of  personnel 


Table  L-3 


COMPARISON  OF  MANPOWER  UTILIZATION 
BETWEEN  LCOM  AND  R&M 


MMH/KFH 


'iXOM  1 

R&M 

(Modified 

r&m' 

A  %= 

1  -  3 

Mean  # 
Personnel/ 

AFSC 

for  AGE)  2 

(Orig.)  3 

3 

Work  Center 

1 

42330 

329. 38 

348.08 

348. 08 

-5.  37 

6 

2 

42334 

222. 56 

257.  11 

230. 19 

-3.31 

5 

3 

42350 

472.20 

524. 11 

508.96 

-7.22 

9 

4 

42354 

583. 54 

626.  65 

626.65 

-6.88 

11 

5 

4313R 

0.27 

25.  32 

12.41 

-97.82 

1 

6 

4313W 

43.38 

42.  15 

42.  15 

2.93 

1 

7 

43131 

244.41 

249.  23 

248.41 

-1.61 

5 

8 

4315R 

153.25 

149. 70 

147.  16 

4.  14 

3 

9 

4315W 

57.  86 

55.  27 

55.27 

4.68 

2 

*10 

53151 

931.67 

609.87 

609.87 

52.77 

(16) 11 

11 

53135 

.  123 

.  165 

.  165 

-25.65 

1 

12 

53150 

3.35 

3.41 

3.41 

-1.87 

1 

13 

53154 

73.  27 

84.08 

84.08 

-12.86 

2 

14 

53155 

73.39 

84.24 

84.24 

-12.88 

2 

Totals 

3188.65 

3059. 39 

3001.05 

6.  25 

(65)  60 

^includes  inspection,  preflight  and  post  flight  tasks  in  LCOM  which  are 
not  in  R&M  -  approx.  338.91  MMH/KFH  are  used  -  removing  this,  yields: 


10  43151 

592. 76 

609. 87 

-2.  81 

and  overall. 

Totals 

2849. 74 

3059. 39 

3001.  05 

-5.04 

] 

1 


needed  for  each  work  center.  The  total,  60,  represents  only 
direct  labor  personnel  performing  landing  gear  maintenance 
within  the  scope  of  the  scenario. 
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APPENDIX  M 

SAMPLE  TRAINING  PLAN 


C-141  AIRCRAFT  BRAKE  AND  WHEEL  REMOVAL 


INTRODUCTION 


This  training  plan  presents  the  content,  instructional 
components,  and  instructional  delivery  system  appropriate 
for  task-oriented  training  related  to  brake  and  wheel 
removal/replacement  on  the  C-141  aircraft.  The  entire 
training  plan  was  developed  employing  a  modified  version  of 
the  instructional  system  development  (ISD)  process  described 
in  Air  Force  Manual  50-2.  The  training  outlined  by  this 
plan  is  complemented  by  a  task-oriented  technical  manual 
which  covers  the  same  maintenance  operation. 


RELATIONSHIP  BETWEEN  THE  ISD  PROCESS  AND  TRAINING  PLAN 
DEVELOPMENT 


The  total  ISD  process  includes  the  actual  development, 
implementation,  and  evaluation/revision  of  a  given  training 
program.  Thus,  the  development  of  a  training  plan 
constitutes  only  a  portion  of  the  ISD  process.  That  portion, 
commonly  termed  "training  program  design,"  is  depicted  in 
the  nine-step  model  presented  in  Figure  M-l.  Each  of  the 
nine  steps  and  related  procedures  is  discussed  in  the  next 
section . 


STEPS  IN  TRAINING  PLAN  DEVELOPMENT 


The  first  step  in  training  plan  development  is  to  select  the 
specific  task  areas  for  which  training  will  be  required. 
For  the  C-141  wheel  and  brake  removal/replacement,  task 
areas  were  identified  via  an  integrated  task  analysis  of  an 
actual  C-141  wheel  and  brake  assembly  (for  this  training 
plan,  a  modified  version  of  the  integrated  task  analysis 
procedure  described  in  AFHRL-TR-73-43  was  employed).  The 
integrated  task  analysis  also  identified  and  documented  each 
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PORTION  OF  THE  ISO  PROCESS  USED  IN  THE  DEVELOPMENT  OF  A  TRAINING  PLAN 


of  the  discrete  tasks  involved  in  the  removal/replacement 
operation. 

The  integrated  task  analysis  of  the  C-141  wheel  and  brake 
removal/replacement  revealed  10  task  areas.  These  10  areas 
subsumed  each  of  the  discrete  tasks.  Pictorially,  the  task 
areas,  as  well  as  their  relationship  to  both  the 
removal/replacement  operation,  and  the  discrete  tasks  are 
shown  in  Figure  M-2. 

The  second  step  in  training  plan  development  is  to 
categorize  each  of  the  task  areas  into  an  instructional 
area.  Basically,  and  instructional  area  is  defined  as  a 
group  of  task  areas  which,  for  training  purposes,  are 
closely  related.  For  the  C-141  brake  and  wheel 

removal/replacement,  the  instructional  areas  and  their 
related  task  areas  are  shown  in  Figure  M-3. 

The  third  step  is  to  add  additional  instructional  areas  as 
appropriate.  Additional  instructional  areas  are  sometimes 
required  either  to  complete  the  overall  instructional 
sequence  (e.g.,  introduction,  summary)  or  to  achieve  the 
objectives  of  task-oriented  training  (e.g.,  a  special  skill 
required  for  a  task  area).  For  this  training  plan,  three 
instructional  areas  were  added.  The  areas  and  a  rationale 
for  the  addition  of  each  are  as  follows: 


1.  Orientation  to  Brake  and  Wheel  Removal/Replacement 
-  This  instructional  area  was  added  to  complete 
the  overall  instructional  sequence.  It  will  be 
used  to  introduce  the  entire  brake  and  wheel 
removal/replacement  operation  to  the  students.  In 
addition,  it  will  provide  an  opportunity  to 
describe  the  process  of  instruction  to  be  used 
during  the  entire  training  program. 

2.  Use  of  Special  Tools  for  Brake  and  VJheel  Removal/ 
Replacement  -  This  area  was  added  to  achieve  the 
objectives  of  task-oriented  training.  It  assures 
that  students  can  both  recognize  and  use  those 
special  tools  involved  in  C-141  brake  and  wheel 
removal/replacement . 

3.  Wheel  and  Brake  Removal/Replacement  on  the  C-141 
Aircraft  -  This  instructional  area  was  added  to 
complete  the  overall  instructional  sequence.  It 
assures  students  an  opportunity  to  demonstrate 
skill  mastery  on  the  actual  C-141  aircraft. 
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INSTRUCTIONAL 

AREA 


RELATED 

TASK 

AREAS 


Preparing  for  C-141 
Brake  and  Wheel 
Removal/Replacement 


*  set  and  release  brakes 

*  inflate  and  deflate  struts 

*  jack  axle 


Removing  and 
Replacing  C-141 
Wheel 


*  inflate  and  deflate  tires 

*  disconnect  and  connect  leveler  rod 

*  remove  and  install  outer  hardware 

*  remove  and  install  wheel&inner  hdwr. 

*  clean  and  lubricate  hardware 
(partial) 


Removing  and 
Replacing  C-141 
Brake 


*  remove  and  install  brake 

*  separate  and  install  torque  link 

*  clean  &  lubricate  hardware  (partial' 


Figure  M-3 


Instructional  Areas  and  Related  Task  Areas 


The  fourth  step  in  training  plan  development  is  to  construct 
one  or  more  performance  objectives  for  each  instructional 
area  (See  Figure  M-4).  Briefly,  there  are  two  general 
purposes  fo  a  performance  objective  (Vaughan,  1977).  The 
first  is  to  communicate  to  students  exactly  what  is  to  be 
learned.  The  second  is  to  communicate  to  instructional 
designers  exactly  what  must  be  taught.  In  order  to  meet 
both  of  these  purposes,  the  performance  objectives  for  this 
training  plan  were  constructed  to  reflect  the  criteria 
outlined  by  (Mager  1962). 

In  addition  to  the  Mager  criteria,  each  of  the  performance 
objectives  was  constructed  to  reflect  the  application  level 
of  Bloom's  Taxonomy  of  Educational  Objectives  (Bloom  et  al., 
1971).  Learning  at  the  level  of  application  will  help 
assure  that  over  job-related  performance,  rather  than  simply 
information  recall,  is  emphasized  both  in  the  development 
and  conduct  of  training.  Thus,  the  training  will  be  better 
matched  to  the  requirements  of  the  job.  The  performance 
objectives  for  the  entire  sequence  of  instruction  related  to 
C-141  wheel  and  brake  removal/replacement  are  presented  in 
Appendix  N. 


The  fifth  step  in  training  plan  development  is  to  conduct  a 
learning  analysis  of  each  performance  objective.  Briefly, 
the  purpose  of  a  learning  analysis  is  to  both  state  and 
sequence  each  of  the  prerequisite  learning  (termed  enabling 
objectives)  required  for  successful  attainment  of  a 
performance  objective  (Gagne,  1970).  It  is  the  enabling 
objectives  which  provide  the  specific  focus  for  both  the 
development  of  instructional  materials  and  assessments. 


As  with  the  construction  of  performance  objectives  the 
content  of  each  learning  analysis  reflects  the  levels  of 


learning  within  Bloom's  Taxonomy, 
list  of  enabling  objectives  within 
(reflects  all  of  the  prerequisite 
by  the  performance  objective 
sequenced  (in  respect  to  the  re 
learning  types).  The  learning 
performance  objectives  within  the  C-141  brake  and  wheel 
removal/replacement  training  plan  are  presented  in 
Appendix  0. 


This  assures  that  the 
analysis  is  complete 
of  learning  required 
well  as  correctly 
complexity  of  Bloom 
/ses  for  all  of  the 


The  sixth  step  in  training  plan  development  is  to  select  the 
general  method  by  which  training  will  be  delivered.  Any 
single  method  (e.g.,  computer  assisted  instruction,  teacher 
led  instruction,  small  group  instruction)  or  array  of 
methods  could  be  selected.  Normally,  this  methodological 
decision  is  made  based  upon  the  type  and  complexity  of  the 
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INSTRUCTIONAL 

AREA 

SOURCE  OF 
INSTRUCTIONAL 

AREA 

PERFORMANCE 

OBJECTIVE 

NUMBER 

Orientation  to  C-141 

Brake  and  Wheel 

additional 

Removal/Replacement 

(introduction) 

1 

Use  of  Special  Tools 

additional 

For  C-141  Brake  and 

(special 

Wheel  Removal/Replacement 

skill) 

2 

Preparing  For  C-141  Brake 

integrated 

3  (strut  inflation/ 

and  Wheel  Kemoval/Replacement 

task 

deflation) 

analysis 

4  (axle  jacking) 

5  (brake  sat/ 

release) 

Removing  and  Replacing 

integrated 

C-141  Wheel 

task 

analysis 

6 

Removing  and  Replacing 

integrated 

C-141  Brace 

task 

analysis 

7 

Wheel  and  Brake 

additional 

Removal/Replacement 

(real  world 

on  the  C-141 

skill  demonstration) 

8 

Aircraft 


Figure  M-4 
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performance  objectives  (and  related  learning  analyses),  the 
ability  of  the  learners,  and  the  environment  for  training. 

For  this  training  plan,  the  general  method  of  "self- 
instruction"  was  selected.  This  choice  was  made  based  upon 
a  number  of  considerations.  First,  the  complexity  of  the 
performance  and  enabling  objectives  is  not  of  a  level  which 
would  preclude  presentation  via  a  self-instructional  format. 
Second,  recent  trends  in  training  include  a  movement  toward 
valid  and  predictable  instruction  which  is  exportable  (i.e., 
capable  of  replication  at  a  variety  of  locations  without 
special  facilities  or  personnel).  By  definition,  validity 
and  predictability  are  consistently  achievable  only  via 
highly  structured  self-instructional  approaches  to 
learning.  Third,  the  concept  of  self-instruction  will 
permit  students  to  spend  as  much  or  as  little  study  time  as 
required  in  order  to  achieve  the  goal  of  mastery  learning. 

The  selection  of  self-instruction  is  not  intended  to  remove, 
or  reduce  the  importance  of,  the  instructor  within  a 
training  program.  Rather,  self-instruction  permits  many  of 
the  lower  level  types  of  learning  to  be  mastered  by  a 
student  working  independently.  Instructional  personnel  are 
thus  able  to  devote  their  expertise  to  the  more  crucial 
aspects  of  training;  e.g.,  complex  skill  development, 
individual  student  supervision,  individual  student 
assessment,  and  remediation. 

The  seventh  step  in  training  plan  development  is  to  select 
the  primary  instructional  delivery  technique  which  will 
adequately  carry  out  the  general  method  of  instruction.  For 
this  training  plan,  "instructional  modules"  were  chosen  as 
the  primary  delivery  technique.  The  choice  was  made  because 
instructional  modules  are  useable  by  a  wide  range  of 
students  who  possess  varying  abilities  to  learn,  speed  in 
learning,  and  levels  of  interest.  Further,  a  given 
instructional  module  may  include  a  variety  of  different 
media  forms  reflecting  various  student  interests  (a  more 
thorough  discussion  of  instructional  modules  in  general  and 
for  this  training  plan  may  be  found  in  Appendix  P). 

The  eighth  step  is  to  select  an  assessment  type  for  each 
performance  and  enabling  objective.  The  assessment  type 
selected  for  the  performance  objective  will  indicate  the 
manner  in  which  student  performance  (for  purposes  of 
grading)  will  be  judged.  The  performance  objective 
statement  normally  indicates  the  assessment  type  to  be  used. 


The  assessment  types  selected  £or  the  enabling  objectives 
will  indicate  the  format  of  diagnostic  tests  (when  given 
before  instruction)  and/or  self-tests  (when  given  following 
instruction).  However,  enabling  objective  assessment  items 
are  not  used  for  grading  purposes 

The  assessment  type  chosen  for  a  given  enabling  objective  is 
based  upon  two  constraints.  First,  that  the  assessment  type 
can  adequately  measure  the  behavior  specified  in  the 
enabling  objective.  Second,  that  any  restrictions  imposed 
by  the  instructional  method  (in  this  case  self-instruction) 
or  the  instructional  delivery  technique  (in  this  case 
modules)  can  be  reflected.  The  enabling  objectives  and  a 
preliminary  choice  of  assessment  type  for  each  presented  in 
Appendix  Q. 

The  ninth  and  final  step  in  training  plan  development  is  to 
select  a  media  type  for  each  enabling  objective.* 

As  with  assessment  types,  media  types  are  selected  in 
respect  to  the  behavior  specified  within  the  objective,  as 
well  as,  by  any  restrictions  imposed  by  either  the  method  of 
instruction  or  instructional  delivery  technique.  In 
addition,  media  type  is  often  a  direct  product  of  the 
abilities  and  interests  of  the  students  who  will  undertake 
the  instruction. 

For  the  training  plan  under  discussion,  a  single  tentative 
media  type  has  been  selected  for  each  enabling  objective. 
Alternative  and/or  additional  media  types  may  later  be 
chosen  in  order  to  satisfy  the  different  learning  abilities 
and  interests  of  different  students.  The  tentative  media 
type  selected  for  each  enabling  objective  is  presented  in 
Appendix  Q. 


*  (Note:  Media  types  are  not  selected  for  a  performance 
objective  because  performance  objective  is  not  directly 
taught.  Rather,  the  behavior  specified  in  the  performance 
objective  is  the  result  of  the  attainment  of  related 
enabling  objectives. 
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VALIDATION  AND  USE  OF  A  TRAINING  PLAN 


The  preceding  paragraphs  described  that  portion  of  the  ISD 
process  required  to  complete  the  developmetn  of  a  training 
plan  for  brake  and  wheel  removal/replacement  on  the  C-141 
aircraft.  Those  paragraphs,  as  well  as  the  content  of 
Appendices  N  to  Q  and  constitute  the  training  plan.  This 
training  plan  for  the  brake  and  wheel  removal/replacement 
operation  is  considered  preliminary  and  should  undergo 
review  and  revision  by  three  groups  of  individuals: 


1.  Instructional  designers  who  can  analyze  the 
contents  of  the  plan  in  respect  to  accepted 
standards  of  instructional  design. 

2.  Equipment  user's  who  can  analyze  the  contents  of 
the  plan  in  respect  to  the  maintenance  needs  of 
Air  Force  work  units. 

3.  Equipment  builders  who  can  analyze  the  contents  of 
the  plan  in  respect  to  the  maintenance 
requirements  of  the  equipment  under  consideration. 


This  validation  process  would 
degree  of  consensus  on  the 
obtained.  At  this  point,  the 
"final." 


continue  until  an  acceptable 
contents  of  the  training  is 
training  plan  would  be  deemed 


Upon  acceptance  of  a  final  training  plan,  the  following  ISD 
activities  would  be  undertaken: 


1.  Development  of  the  assessment  items. 

2.  Development  of  the  instructional  materials. 

3.  Packaging  of  instructional  materials  and 
assessments  into  self-instructional  modules. 

4.  Training  for  the  instructors  vis-a-vis  the  use  of 
self-instructional  modules  as  well  as  the 
supervision  and  evaluation  of  student  performance 
in  a  self-instructional  setting. 

5.  Design  and  development  of  required  equipment 
mockups . 
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Field  test  and  revision  of  the  instruction  in 
order  to  achieve  predictability  and  consistency. 

Deployment  of  training. 
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APPENDIX  N 

TRAINING  PLAN  PERFORMANCE  OBJECTIVES 
C14 1  WHEEL  AND  BRAKE  REMOVAL/REPLACEMENT 


PERFORMANCE  OBJECTIVE  1: 


Given  10  multiple  choice  items,  the  student  will  be  able 

a.  to  identify  the  tasks  and  task  sequence  involved 
in  the  removal/replacement  of  a  C141  wheel  and 
brake  assembly  and 

b.  to  recognize  situations  in  which 

removal/replacement  of  the  wheel  and  brake 
assembly  is  necessary. 


To  successfully  achieve  this  objective,  the  student  must 
correctly  answer  nine  of  the  test  items. 


PERFORMANCE  OBJECTIVE  2: 


Given  the  five  special  tools  required  for  brake  and  wheel 
removal/replacement  on  the  C141  aircraft  and  mockups  of 
fasteners  requiring  the  tools,  the  student  will 


a.  select  the  tool  required  by  each  fastener  and 

b.  use  each  tool  to  loosen  and  tighten  the  related 
fastener. 


To  satisfy  this  objective,  the  student  must  follow  the  tool 
use  and  safety  procedures  outlined  in  the  module. 


KUBfDIWG  PAO*  BUNK-WOT 


PERFORMANCE  OBJECTIVE  3: 


Given  mockups  of  a  high  pressure  nitrogen  servicing  cart  and 
of  a  given  C141  main  landing  gear  strut,  a  height  to  which 
the  strut  is  to  be  raised,  and  a  C141  strut 
inflation/deflation  checklist,  the  student  will  be  able  to 
inflate  and  deflate  the  strut  mockup.  To  successfully 
achieve  this  objective,  the  student  must  accomplish  the 
following  steps: 


1.  Determine  if  strut  inflation/deflation  is 

required. 

2.  Set  up,  operate,  and  shut  down  the  servicing  cart. 

3.  Ensure  that  maximum  strut  extension  limits  are  not 
exceeded . 

4.  Ensure  that  maximum  strut  servicing  limits  are  not 
exceeded . 

5.  Ensure  that  maximum  permitted  differential  in 
strut  heights  are  not  exceeded. 

6.  Carry  out  each  of  the  strut  inflation/deflation 

procedures  indicated  in  the  module. 

7.  Carry  out  each  of  the  related  safety  procedures 

indicated  in  the  module. 


PERFORMANCE  OBJECTIVE  4: 


Given  mockups  of  a  C141  main  landing  gear  strut  and  aircraft 
jack,  and  a  C141  axle  jacking  checklist,  the  student  will  be 
able  to  raise  and  lower  the  strut  (aircraft).  To 
successfully  achieve  the  objective  the  student  must 
accomplish  each  of  the  following  steps: 


1.  Inspect  the  jack  prior  to  use. 

2.  Correctly  position  the  jack. 

3.  Raise  the  wheel  approximately  one  inch. 
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4.  Carry  out  each  of  the  axle  jacking  procedures 
indicated  in  the  module. 

5.  Carry  out  each  of  the  related  safety  procedures 
indicated  in  the  module. 


PERFORMANCE  OBJECTIVE  5: 


Given  a  brake  number,  mockups  of  C141  rudder  pedals, 
hydraulic  system  control  panel,  and  a  C141  brake  setting/ 
releasing  checklist,  the  student  will  be  able  to  set  and 
release  the  brakes.  To  successfully  achieve  this  objective, 
the  student  must  accomplish  the  following  steps: 


1.  Pressurize  the  correct  hydraulic  system  for  the 
given  brake. 

2.  Check  that  the  brakes  are  actually  set. 

3.  Carry  out  each  of  the  brake  setting/releasing 
procedures  indicated  in  the  module. 

4.  Carry  out  each  of  the  related  safety  procedures 
indicated  in  the  module. 


PERFORMANCE  OBJECTIVE  6: 


Given  mockups  of  a  C141  axle,  wheel  and  related  inner  and 
outer  hardware  incorporating  one  or  more  defective  parts, 
and  a  C141  wheel  removal/replacement  checklist,  the  student 
will  be  able  to  remove  and  replace  the  wheel/related 
hardware.  To  successfully  achieve  this  objective,  the 
student  must  accomplish  the  following  steps: 


1.  Inspect  all  required  hardware  components  and 
identify/replace  and  which  are  defective. 

2.  Correctly  lubricate  all  required  hardware 

components . 

3.  Use  all  tools  correctly. 
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4.  Torque  wheel  to  proper  tolerances. 

5.  Verbally  indicate  cautions  and  carry  them  out. 

6.  Carry  out  each  of  the  wheel  removal/replacement 
procedures  indicated  in  the  module. 

7.  Carry  out  each  of  the  related  safety  procedures 
indicated  in  the  module. 


PERFORMANCE  OBJECTIVE  7: 


Given  mockups  of  a  C141  axle,  brake  assembly,  strut,  and 
torque  link  incorporating  one  or  more  defective  parts,  a 
brake  removal  and  replacement  checklist,  and  the  instructor 
acting  as  a  hydraulic  specialist,  the  student  will  be  able 
to  remove  and  replace  the  C141  brake  assembly/related 
hardware  and  recognize/replace  all  defective  parts.  To 
successfully  achieve  this  objective,  the  student  must 
accomplish  the  following  steps: 


1.  Request  the  hydraulic  specialist  to  depressurize 
the  hydraulic  system  and  cap/plug  the  cap/filler. 

2.  Use  all  tools  correctly. 

3.  Inspect  all  required  hardware  components  and 

identify/replace  any  which  are  defective. 

4.  Correctly  lubricate  all  required  hardware 

components . 

5.  Verbally  indicate  cautions  and  carry  them  out. 

6.  Carry  out  each  of  the  brake  removal/replacement 

procedures  indicated  in  the  module. 

7.  Carry  out  each  of  the  related  safety  procedures 

indicated  in  the  module. 
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PERFORMANCE  OBJECTIVE  8: 


Given  an  actual  C141  aircraft,  and  related  C141  job  guide, 
the  student  will  be  able  to  remove  and  replace  both  the 
wheel  and  brake  assembly.  To  successfully  achieve  the 
objective,  the  student  must  accomplish  the  following  steps: 


1.  Inspect  all  hardware  components  and 
identify/replace  any  which  are  defective. 

2.  Lubricate  all  required  hardware  components. 

3.  Verbally  indicate  all  cautions  and  carry  them  out. 

4.  Carry  out  the  aircraft  procedures  for  the  task  as 
indicated  in  the  module. 

5.  Carry  out  each  of  the  related  safety  procedures  as 
indicated  in  the  module. 
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APPENDIX  P 

DESCRIPTION  OF  MODULARIZED  INSTRUCTION 


OVERVIEW  OF  MODULES 


A  module  is  an  instructional  package  dealing  with  a  single 
performance  objective.  It  is  an  attempt  to  individualize 

learning  by  enabling  a  trainee  to  master  one  unit  of 
instruction  before  moving  to  another.  The  learning 
experiences  within  a  module  are  presented  in  a  self- 

instructional  format  which  permits  the  trainee  to  control 
the  rate  and  intensity  of  study.  Since  the  module  package 
may  involve  materials  which  are  portable,  the  trainee  can 
take  it  to  the  library,  a  study  carrel  or  living  quarters. 
The  length  of  a  module  may  vary  from  only  a  few  minutes  of 
trainee  time  to  several  hours.  Modules  may  be  used 
individually  or  combined  to  form  sequences  of  learning 

devoted  to  a  specific  overall  outcome  (e.g.,  a  particular 

job  skill )  . 


CONTENT  OF  A  MODULE 


Modules  may  vary  dramatically  in  terms  of  content.  Some 
modules  provide  only  a  prescription  in  the  sense  that  a 
trainee  is  told  where  to  obtain  and  how  to  use  such  items  as 
instructional  materials  and  assessments.  Conversely,  other 
modules  may  be  totally  self-contained  in  that  they  would 
contain  everything  a  trainee  required  in  order  to  achieve  a 
given  performance  objective.  For  the  modules  related  to  C- 
141  brake  and  wheel  removal/  replacement,  the  following 
general  content  is  proposed: 


1.  An  introduction  including  the  statement  of  the 
performance  objective. 

2.  A  diagnostic  test  related  to  each  of  the  enabling 
objectives. 

3.  An  answer  key  to  the  diagnostic  test,  including  a 
relationship  chart  matching  incorrectly  answered 
diagnostic  test  items  with  appropriate 
instruction. 
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4.  All  instruction  required  for  each  enabling 
objective  (other  than  that  limited  amount  of 
instruction  requiring  either  instructor  delivery 
or  supervision ) . 

5.  Self-tests  valid  for  the  instruction  within  the 
module . 

6.  Directions  on  how  and  where  the  module  post-test 
will  be  administered. 


STUDENT  USE  OF  AN  INSTRUCTIONAL  MODULE 


Based  upon  the  above  proposed  content,  the  modules  would  be 
used  in  the  following  general  manner: 


1.  Trainees  would  begin  use  of  a  module  by  reading 
the  introduction  including  the  performance 
objective . 

2.  Trainees  would  complete  the  diagnostic  test. 

3.  Depending  upon  the  results  of  the  diagnostic  test, 
the  relationship  chart  would  guide  each  trainee  to 
the  appropriate  instruction. 

4.  Upon  completion  of  each  segment  of  instruction, 
trainees  would  complete  the  related  self-test. 

5.  Following  completion  of  all  instruction,  the 

trainee  would  take  the  post-test  related  to  the 
module.  (The  post-test  could  be  given  on  demand  or 
based  upon  a  schedule  provided  by  the  instructor.) 


Most  of  the  study  related  to  the  module  could  be  undertaken 
independently  et  a  location  of  the  trainee's  choosing. 
However,  that  instruction  requiring  the  use  of  mockups  or 
special  tools  would  be  completed  within  the  confines  of  a 
training  environment  under  instructor  control. 


ROLE  OF  THE  INSTRUCTOR 


The  role  of  the  instructor  in  modular  instruction  is  that  of 
facilitator  and  evaluator.  Essentially,  instructors  have 
limited  responsibility  for  delivering  "stand-up" 
instruction.  Instead,  they  are  available  to  assist  trainees 
in  overcoming  learning  problems  on  a  one-to-one  basis. 
Further,  instructors  will  supervise  trainee  practice  of 
skills  involving  mockups  or  special  tools  as  well  as 
evaluating  student  completion  of  each  post-test.  Thus,  in  a 
modular  situation,  the  responsibility  for  instructional 
delivery  moves  from  the  instructor  to  the  modules  while  the 
instructor  tends  to  take  on  a  heavily  diagnostic  role. 
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APPENDIX  Q 

PRELIMINARY  MEDIA  AND  ASSESSMENT  CHOICES 


C14 1  BRAKE  AND  WHEEL  REMOVAL/REPLACEMENT 


Enabling 

Objective 

Preliminary 

Medial  Choice 

1.1 

written 

instruction 

1.2 

written 

instruction 

1.3 

written 

instruction 

1.4 

written 

instruction 

1.5 

written 

instruction 

1.6 

written 

instruction 

1.7 

written 
with  sti 

instruction 
11  pictures 

1.8 

written 

instruction 

1.9 

written 
with  sti 

instruction 
11  pictures 

1.10 

alternat 

ive  response 

2.1 

written 

instruction 

2.2 

written 

instruction 

2.3 

written 

instruction 

2.4 

written 

instruction 

2.5 

written 

instruction 

2.6 

written 

instruction 

2.7 

written  instruction 
with  sequenced  still 
pictures 

131 


Preliminary  Assess- 
ment  Choice 

short  answer  item 

short  answer  item 

alternative  response 
item 

short  answer 

short  answer 

alternative  response 

alternative  response 
with  still  pictures 

short  answer 

alternative  response 
with  still  pictures 

alternative  response 

short  answer 

short  answer 

short  answer 

alternative  response 

short  answer 

short  answer 

alternative  response 
with  sequenced  still 
pictures 

PRECEDING  paOS  BLANK'KOT  FlliX SD 


2.8 

practice 

instructor 

observation 

2.9 

written 

instruction 

short  answer 

2.10 

written 

instruct  ion 

short  answer 

2.11 

written 

instruct  ion 

alternative  response 

2.12 

written 

instruction 

short  answer 

2.13 

written 

instruction 

short  answer 

2.14 

written  instruction 
with  sequenced  still 
pictures . 

alternative  response 
with  sequenced  still 
pictures 

2.15 

practice 

instructor 

observation 

2.16 

written 

instruction 

short  answer 

2.17 

written 

instruction 

alternative  response 

2.18 

written 

instruction 

short  answer 

2.19 

written  instruction 
with  sequenced  still 
pictures 

alternative  response 
with  sequenced  still 
pictures 

2.20 

practice 

instructor 

observation 

2.21 

practice 

instructor 

observation 

3.1 

written 

instruction 

short  answer 

3.2 

written 

instruction 

short  answer 

3.3 

written 

instruction 

short  answer 

3.4 

written 

instruction 

short  answer 

3.5 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

3.6 

written 

instruction 

short  answer 

3.7 

written 

instruct  ion 

alternative  response 

3.8 

with  still  pictures 
written  instruction 

with  still  pictures 
short  answer 

3.9 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

3.10 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

3.11 

practice 

instructor 

observation 

3.12 

written  instruction 

short  answer 

3.13 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

3.14 

practice 

instructor 

observation 

3.15 

written  instruction 

short  answer 

3.16 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

3.17 

practice 

instruction 

observation 

4.1 

written  instruction 

short  answer 

4.2 

written  instruction 

short  answer 

4.3 

written  instruction 

short  answer 

4.4 

written  instruction 

short  answer 

4.5 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

4.6 

practice 

instructor 

observation 

4.7 

written  instruction 

short  answer 

4.8 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

4.9 

practice 

instructor 

observation 
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5.1 

written  instruction 

completion 

5.3 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

5.4 

practice 

instructor 

observation 

6.1 

written  instruction 

short  answer 

6.2 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

6.3 

written  instruction 

short  answer 

6.4 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

6.5 

written  instruction 

still  pictures 

6.6 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

6.7 

written  instruction 

short  answer 

6.8 

written  instruction 
with  still  pictures 

alternative  response 
w?th  still  pictures 

6.9 

practice 

instructor 

observation 

6.10 

written  instruction 

short  answer 

6.11 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

6.12 

practice 

instructor 

observation 

6.13 

written  instruction 

short  answer 

6.14 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

6.15 

practice 

instructor 

observation 

7.1 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

7.2 

written  instruction 

alternative  response 

4 
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with  still  pictures 

with  still  pictures 

7.3 

7.4 

written  instruction 
written  instruction 
with  still  pictures 

short  answer 
alternative  response 
with  still  pictures 

7.5 

practice 

instructor 

observation 

7.6 

practice 

instructor 

observation 

3.1 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

8.2 

written  instruction 

short  answer 

8.3 

written  instruction 
with  still  pictures 

alternative  response 
with  still  pictures 

8.4 

practice 

instructor 

observation 

8.5 

practice 

instructor 

observation 

8.6 

written  instruction 

completion 

• 

00 

written  instruction 

short  answer 

8.8 

practice 

instructor 

observation 
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APPENDIX  R 

SAMPLE  JOB  GUIDE  MANUAL 


v'E  AND  INSTALL  MAIN  LANDING  GEAR 
LS  AND  BRAKES 


INPUT  CONDITIONS 

Applicable  Serial  Nos:  All 
Supplies : 

Clean  rags  (as  required) 

Grease,  MIL-G-25760 
Oil,  MIL-C-6529 
Cleaning  solvent,  P-D-680 
Cap  and  plug  kit 


Personnel  Required:  Two 


Assistant  required  to  aid  in  jacking  and  handling  wheel  and 
brake  during  remove  and  install. 

Specialist  required  to  connect  and  disconnect  hydraulic 
swivel  fittings  during  remove  and  install  brakes. 

Technician  required  to  perform  In-Process  inspection  during 
installation. 

Equipment  Condition: 

Aircraft  parked,  chocked  and  statically  grounded  per  T.O. 
1C-141A-2-2JG-4. 

Aircraft  positioned  on  hard,  level  service.  Slope  tolerance 
of  1.5  percent,  zero  degrees,  51-1/2  minutes. 

Landing  gear  ground  safety  pins  installed  per  T.O.  1C-141A- 
2-lMS-l . 

Main  landing  gear  shock  strut  serviced  per  T.O.  1C-141A-2- 
2JG-5 . 

No.  3  hydraulic  system  accumulators  pressurized  per  T.O.  1C- 
141A-2-3JG-2. 
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PRECEDING  PAQB  F11>®D 


WARNING 


Observe  all  safety  precautions  in  AFM127-101;  T.O.  00- 
25A-1;  T.O.  1C-14 1A-2- IMS-1 . 


CAUTION 

Always  jack  aft  axle  first,  or  both  axles 
simultaneously  when  there  is  a  requirement  to  change 
tires  on  both  axles  on  one  gear. 


Special  Tools  &  Test  Equipment: 

Axle  i  ”ype  F-2;  used  to  jack  bogie  (two  required  if 

forwar  t  wheels  are  to  be  removed).  (Alternate:  Axle 

jacks,  J5;  used  to  jack  front  or  rear  axles  if  both 

tires  a  tat.) 

Torque  wrench,  calibrated  to  960  inch-pounds;  used  to  torque 
axle  nut. 

Torque  wrench,  calibrated  to  480  inch-pounds;  used  to  torque 
axle  nut. 

Spanner  Wrench,  PN  3S50034;  used  to  remove  and  install  axle 
nut. 

Torque  adapter  Wrench,  PN  7227089-10;  used  to  check  position 
of  lockring. 

Valve  core  Tool,  PN  968RB;  used  to  remove  or  install  valve 
core.  (Alternate:  Equivalent) 

NOTE:  Under  an  emergency  situation,  or  when  a  MLG 
brake  leak  occurs  at  a  station  where  brake  change 
capability  does  not  exist,  it  is  permissible  to  cap  off 
a  maximum  of  one  brake  per  main  gear  for  a  one  time 
flight  to  a  station  having  brake  change  capability. 
Cap  off  brake  by  obtaining  cap/plug  adapters  from  crew 
compartment.  Disconnect  flex  hose  (4)  from  swivel  at 
brake  (20).  Install  female  part  of  adapter  to  the 
brake  swivel  and  flex  hose  (4)  to  male  part  of 
adapter.  Using  number  3  hydraulic  system  pressurize 
affected  brake  and  check  for  leaks. 


REMOVE  WHEEL  AND  TIRE 

NOTE:  If  there  is  not  enough  room  between  the  aircraft 

and  axle  to  remove  the  wheel,  inflate  both  landing  gear 

struts.  (Refer  to  T.O.  1C-14 1A-2-2JG-4 ) 

1.  Make  sure  that  the  parking  brakes  are  off. 

2.  Remove  forward  and  aft  chocks. 

3.  Disconnect  leveler  rod  (37). 

a.  Remove  cotter  pin  (36). 

b.  Remove  nut  (  35 ) . 

c.  Remove  outer  washer  (34). 

d.  Free  leveler  rod  by  pulling  it  off  of  bolt. 

e.  Leave  inner  washer  (38)  in  bolt  and  put  outer 

washer  (34)  and  nut  (35)  onto  bolt  for 

safekeeping . 

f.  Tie  leveler  rod  to  forward  torque  arm  so  it  will 
not  dangle  or  be  damaged. 

4.  Jack  axle  until  tire  clears  ground.  (Refer  to  T.O.  1C- 

141A-2-2JG-4) 

5.  Set  parking  brake. 

a.  Depress  top  part  of  rudder  pedals  (40). 

b.  Pull  out  parking  brake  handle  (39). 

c.  Release  rudder  pedals  (40). 

NOTE:  If  parking  brake  handle  will  not  set  in  the 

out  position,  check  to  make  sure  that  there  is 
enough  hydraulic  pressure  (Refer  to  T.O. 

6.  Deflate  tire. 

a.  Remove  air  valve  cover. 

b.  Use  valve  core  tool  to  deflate  tire  until  all  air 
is  out. 
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c.  Use  valve  core  tool  to  remove  valve  core. 

7.  Remove  outer  wheel  hardware. 

a.  Remove  snapring  (23). 

b.  Remove  hubcap  (5). 

c.  Remove  grease  retainer  ring  (9). 

d.  Remove  felt  grease  seal  (10). 

8.  Disconnect  anti-skid  detector  (6). 

a.  Use  wire  snippers  to  cut  and  remove  safety  writing 
from  screws. 

b.  Remove  the  three  screws  and  place  them  in  hubcap 
for  safekeeping. 

c.  Place  skid  detector  (6)  inside  axle  (22)  for  safe 
storage. 

9.  Remove  axle  nut  (7)  and  lock  ring  (8). 

a.  Remove  cotter  pin  (25)  from  lock  ring  (8)  and  axle 
nut  (7). 

b.  Use  circular  spanner  wrench  to  remove  axle  nut 
(7). 

c.  Remove  lock  ring  (8). 

10.  Clean  axle  nut  (7)  and  lock  ring  (8)  with  clean  rag. 

11.  Remove  rest  of  outer  wheel  hardware. 

a.  Remove  grease  retainer  ring  (11). 

b.  Remove  outer  bearing  (12),  catching  it  in  rag  and 
keeping  it  wrapped  in  rag  for  protection. 

13.  With  assistance,  remove  wheel  and  tire  from  axle. 

CAUTION 

In  removing  wheel,  try  to  support  wheel  as  it 
comes  off  so  as  to  avoid  damaging  end  of  axle. 

END  OF  TASK 
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REMOVE  BRAKE 


NOTE:  Remove  wheel  and  tire  as  per  this  T.O. 

1.  Remove  outer  spacer  (19)  from  axle. 

2.  Request  hydraulic  specialist  to: 

1)  Depressurize  #3  hydraulic  system  per  T.O.  1C-141A- 
2-3JG-1 . 

2)  Disconnect  hydraulic  line  (4)  and  swivel  fitting 
(3). 

3)  Cap  fitting  and  plug  line. 

3.  Separate  torque  link  (31)  from  brake  (20). 

a.  Use  screwdriver  to  pry  lock  tab  on  star  washer 
(32)  out  of  the  indent  on  nut  (33). 

b.  Use  spanner  wrench  to  loosen  nut  (33)  3  or  4 

turns. 

c.  Tap  nut  (33)  with  hammer  to  free  bolt  (30). 

d.  Remove  nut  (33),  star  washer  (32),  and  bolt  (30). 

e.  Set  torque  link  (31)  out  of  the  way  by  lifting  it 
up  and  back. 


CAUTION 

In  taking  the  brake  off  the  axle  care  must  be 
taken  to  protect  the  bearing  surfaces  on  the  axle. 

4.  With  assistant,  remove  brake  (20)  from  axle. 

5.  Use  brake  dolly  to  transport  brake  to  service  chariot. 

NOTE:  Sometimes  the  inner  spacer  sticks  to  the 

brake.  Be  sure  the  spacer  is  removed  before  brake 
leaves  the  area. 

END  OF  TASK 
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INSTALL  BRAKE 


1.  Using  solvent,  clean  axle  (22)  and  spacers  (19,20). 

2.  Apply  a  thin  film  of  grease  to  axle  (22). 

3.  Install  inner  spacer  (21)  on  axle  (22).  (Make  sure  it 
goes  all  the  way  on). 

4.  Get  the  new  brake  (20)  and  remove  any  service  tags 
and/or  wire  attachments. 

5.  Align  the  rotor  and  stator  discs  of  the  brake. 

6.  With  assistant,  install  brake  onto  axle.  (Make  sure  it 
is  snug  against  shoulder  of  inner  spacer  (21.) 

7.  Install  torque  link  (31). 

a.  Align  torque  link  (31)  with  brake  (20)  so  that 
bolt  holes  line  up  exactly. 

b.  Install  bolt  (30)  so  that  flat  edge  of  bolt  head 
lines  up  with  alignment  bar  on  brake  housing. 

NOTE:  When  bolt  is  properly  installed,  the  bolt 

will  stick  out  the  other  side  of  the  hole  by  about 
1/32  of  an  inch. 

c.  Place  star  washer  (32)  on  the  end  of  bolt  (30). 

NOTE:  If  the  star  washer  will  not  stay  on  end  of 

bolt,  make  sure  that  the  bolt  is  seated  correctly 
and  that  it  sticks  out  the  right  amount.  If  the 
bolt  does  stick  out  the  right  amount,  then  you  can 
hold  it  in  place  by  applying  a  little  grease  to 
the  brake  housing  for  the  washer  to  stick  to. 

d.  Install  nut  (33),  tightening  it  with  the  spanner 
wrench  until  all  end  play  in  the  bolt  is  removed. 

e.  Continue  to  tighten  nut  (33)  with  the  spanner 
wrench  (or  with  a  punch  and  hammer)  until  a  tab  on 
the  star  washer  (32)  lines  up  with  an  indent  on 
the  nut  (33). 

f.  Use  a  screwdriver  to  bend  a  tab  on  the  star  washer 
(32)  part  way  into  an  indent  or  nut  (33). 
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g.  Use  a  hammer  and  punch  to  seat  tab  securely  into 
the  indent. 

8.  Request  hydraulic  specialist  to: 

1)  Remove  cap  from  fitting  (3)  and  plug  from  line 
(4). 

2)  Connect  line  (4)  to  swivel  fitting  (3). 

3)  Bleed  brake  per  T.O.  1C-141A-2-3JG-2. 

4)  Service  hydraulic  system  per  T.O.  1C-141A-2-2JG-5 . 

5)  Check  adjustment  of  brake  and  leak  check  brake  per 
T.O.  1C-14 1A-2-12JG-6 . 


9.  Set  parking  brake. 

a.  Depress  top  part  of  rudder  pedals  (40). 

b.  Pull  out  parking  brake  handle  (39). 

c.  Release  rudder  pedals  (40). 

10.  Install  outer  spacer  (19)  with  the  flared  end  toward 
the  brake. 


END  OF  TASK 
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IN-SHOP  PREPARATION  OF  WHEEL  FOR  INSTALLATION 


NOTE:  For  wheels  which  have  been  removed  and  are 

to  be  reinstalled,  follow  steps  1-6  only.  For 
installation  of  a  new  wheel  follow  steps  7-12 
only. 

1.  Remove  inner  wheel  hardware. 

a.  Remove  snapring  (18). 

b.  Remove  grease  retainer  ting  (17). 

c.  Remove  felt  seal  (16). 

d.  Remove  grease  retainer  ring  (15). 

e.  Remove  inner  bearing  (14),  placing  it  in  a  rag  for 
protection. 

NOTE:  Check  for  proper  bearing  part  number  - 

#PN 522549. 

2.  Using  cleaning  solvent,  clean  inner  and  outer  wheel 
hardware. 

a.  Clean  felt  seals  (10,  16). 

b.  Clean  retaining  rings  (9,  11,  15,  17). 

c.  Clean  bearings  (12,  14). 

3.  Inspect  felt  seals,  retaining  rings,  and  bearings  for 
wear  and  defects. 

4.  Lubricate  felt  seals  (10,  16)  with  oil. 

5.  Repack  bearings  (12,  14)  with  grease. 

6.  Install  inner  wheel  hardware. 

a.  Install  inner  bearing  (14). 

b.  Install  grease  retainer  ring  (15). 

c.  Install  felt  seal  (16). 

d.  Install  grease  retainer  ring  (17). 

e.  Install  snapring  (18). 
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NOTE:  For  wheels  that  are  being  reinstalled,  step 

6  ends  the  wheel  preparation  task.  For  the 
installation  of  a  new  wheel  follow  steps  7-12. 

7.  Using  cleaning  solvent,  clean  outer  wheel  hardware. 

a.  Clean  felt  seal  (10). 

b.  Clean  retaining  rings  (9,  11). 

c.  Clean  bearing  (12). 

8.  Inspect  felt  seal,  retaining  rings,  and  bearing  (9,  10, 
11,  12)  for  wear  and  defects. 

9.  Lubricate  felt  seal  (10)  with  oil. 

10.  Repack  outer  bearing  (12)  with  grease. 

11.  Remove  inner  wheel  hardware  to  check  for  proper  bearing 

part  number  -  #PN-522549. 

a.  Remove  snapring  (18). 

b.  Remove  grease  retainer  ring  (17). 

c.  Remove  and  discard  paper  protective  seal. 

d.  Remove  felt  seal  (16). 

e.  Remove  grease  retainer  ring  (15). 

f.  Remove  bearing  (14)  and  check  for  proper  part 
number  -  #PN-522549. 

12.  Reinstall  inner  wheel  hardware. 


a . 

Install 

bearing  (14). 

b. 

Install 

grease  retainer 

ring 

(15)  . 

c . 

Install 

felt  seal  (16). 

d. 

Install 

grease  retainer 

ring 

(17) . 

e . 

Install 

snapring  ( 18 ) . 

END  OF  TASK 
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INSTALL  WHEEL  AND  TIRE 


NOTE:  Prepare  wheel  for  installation  as  per  this 

T.O. 

NOTE:  Before  starting  installation,  check  to  be 

sure  parking  brakes  are  set. 

1.  Visually  inspect  wheel  and  tire  assembly  as  per  T.O. 
1C-141A-2-1MS-1. 

2.  Check  tire  pressure  for  proper  inflation  (190  +10,  -5 
psi ) . 

3.  Check  to  make  sure  that  the  outer  spacer  (19)  has  been 
installed  with  flared  end  towards  the  brake. 

4.  Remove  inner  wheel  hardware  to  check  for  proper  bearing 

part  number  -  #PN-522549. 

f .  Remove  snapring  (18). 

b.  Remove  grease  retainer  ring  (17). 

c.  Remove  felt  seal  (16). 

d.  Remove  grease  retainer  ring  (15). 

e.  Remove  bearing  (14)  and  check  for  proper  part 
number  -  #PN-522549. 

5.  Reinstall  inner  wheel  hardware. 

a.  Install  bearing  (14). 

b.  Install  grease  retainer  ring  (15). 

c.  Install  felt  seal  (16). 

d.  Install  grease  retainer  ring  (17). 

e.  Install  snapring  (18). 

6.  With  assistance,  put  wheel  onto  axle  and  engage  it  with 
brake . 

a.  Check  alignment  of  rotors  on  brake. 

b.  Guide  wheel  onto  axle. 


NOTE:  Lift  wheel  carefully  so  as  not  to  damage 

end  of  axle. 

c.  Keep  aligning  rotors  as  necessary  while  jiggling 
wheel  all  the  way  on. 

7.  Install  outer  bearing  (12). 

8.  Install  lock  ring  (8)  and  axle  nut(7). 

a.  Install  lock  ring  (8)  with  lock  keys  in  axle  lock 
slots . 

b.  While  holding  lock  ring  (8)  in  place  with  one 
hand,  install  axle  nut  (7)  and  hand  tighten  it 
with  otner  hand. 

9.  Release  brakes. 

10.  Using  spanner  wrench  (round  head),  torque  axle  nut  (7) 
to  960  inch  pounds. 

NOTE:  While  tightening  axle  nut,  rotate  wheel 

clockwise. 

11.  Let  up  on  axle  nut  tightness  by  backing  off  to  zero 
inch  pounds. 

12.  Using  spanner  wrench  (rectangular  head),  torque  lock 
ring  (3)  to  600  inch  pounds  (in  either  direction)  to 
insure  that  the  lock  keys  are  firmly  seated  in  axle 
lock  slots. 

WARNING 

If  ring  nut  (8)  is  not  properly  seated,  the  whole 
wheel  assembly  can  come  off. 

13.  Using  spanner  wrench  (round  head),  torque  axle  nut  (7) 
to  480  inch  pounds. 

14.  Continue  tightening  axle  nut  (7)  until  the  first  (of 
the  three)  locking  holes  you  come  to  lines  up  with  an 
indent  on  the  lock  ring  (8). 

15.  Install  cotter  pin  (25). 

a.  Insert  cotter  pin  (25)  through  indent  in  lock  ring 
(8)  and  into  locking  hole  in  axle  nut  (7). 
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b.  Secure  cotter  pin  and  flatten  rounded  head  into 

lock  ring  indent. 

16.  Install  anti-skid  detector  (6). 

a.  Remove  anti-skid  detector  (6)  from  inside  the  axle 
(22)  and  place  in  position  on  axle  nut  (7). 

b.  Secure  anti-skid  detector  with  three  screws  (24). 

NOTE:  Be  sure  screws  are  securely  seated  but  do 

not  overtighten  them. 

c.  Safety  wire  the  three  screws  (24)  using  single 

strand  method. 

17.  Install  rest  of  outer  wheel  hardware. 

a.  Install  grease  retainer  ring  (11). 

b.  Install  felt  seal  (10). 

c.  Install  grease  retainer  ring  (9). 

d.  Install  hubcap  (5)  with  key  inserted  into 
alignment  hole  in  wheel. 

e.  Install  snapring  (23). 

18.  Release  parking  brake. 

CAUTION 

Be  sure  to  get  all  equipment  out  from  under  the 
aircraft  before  lowering  the  jacks. 

NOTE:  If  both  axles  are  jacked,  do  step  17a  to 

both  jacks  at  the  same  time. 

19.  Lower  aircraft. 

a.  Slowly  release  pressure  on  jack. 

b.  When  jack  is  clear  of  jack  pad  (38.2),  remove 
jack. 

20.  Put  forward  and  aft  wheel  chocks  into  place. 

21.  Install  leveler  rod  (37). 
a.  Untie  leveler  rod. 
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b.  Remove  nut  (35)  and  outer  washer  (34),  leaving 
inner  washer  (38)  on  bolt. 

c.  Place  end  of  leveler  rod  (37)  onto  bolt. 

d.  Put  on  washer  (34)  and  nut  (35). 

e.  Tighten  nut  (35)  finger  tight  and  then  back  off  so 
that  one  of  the  indents  on  the  nut  aligns  with  the 
cotter  pin  hole  in  the  bolt. 

f.  Insert  and  secure  cotter  pin  (36). 

22.  Deflate  the  struts  (Refer  to  T.O.  1C-141A-2-2JG-4 ) . 

END  OF  TASK 


